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INTRODUCTION

Chiggers or trombiculid mites are vectors of Scrub Typhus
and are one of the vectors of lurine or Endemic Typhus, Toxoplasma
and possibly Epidemic Hemorragic Fever. Moregver, they are
pests of major importance. In spite of these facts, less is
known of them than of any other group of medically important
arthrogods. Although they must Le reared to study disease
transmission, little was known of their life histories or of
rearing technioues when this project began,

A complete study of the trombiculid mites of the central
United Statec was undertaken with the following aims:

l. Tc conduct life history studies in the laboratory amd
ecological studies in the field for each species, and to obtain
exhaustive biological data with the practical objectives of
learning rearing technigues and field ecological relationships.

2. To correlate and describe the various stages for each
species and comp:re the corresponding stages of the available
species, so that chigger species can be recognized from any
stage obtained in tie field.

3. To complete taxonomic studies, describe and name, 1if
necessary, the larvae of each species under investigation,
since proper identification is of primary importance, so that
other investigations can be correlated.

4. To make complete host lists for all species of chiggers,
determining the most important hosts for eacn species.

5. To study the internal morphology and histology of
chigger mites to aid future investigations of disease trans-
mission to the hosts of larvai chiggers.,
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PERSONNEL

The original Principal Investigator of tne Navy Chigger Project
was Dr, Donald S. Farner, who arranged for the first contract in
February, 1947. Dr. H. B. Hungerford tock the position after
Dr. Farner left the University, until the fall of 1948, followed
by the last trincipal Investigator, Dr. Charles D. Michener.

Dr. E. Raymond Hall worked in cooperation with the Principal
Investigators. The first Research Assistant in Entomoliogy was

Mr. Louis J. Lipoveky, followed by kr. D. A. Crossley in June, 1951
and Mr. Ervin H. Kardos in October, 1951, both continuing to
January, 1953. kr. Keith wollenbarger was a Research Assistant in
the summer of 1950. The first Research Assistant in Zoology was

hr. Robert B. Finley, Jr. who was later aided by Mr. Leorard Koger.
Both Zoologists left in June, 1948, and were followed by Mr. Richard
B. loomis, who continued to January, 1953. Many irndividuals,

mostly students at the University of Kansas, have worked as
technicians.

RECORDS

It was the practice of the project members to keep notes in
the following wvay. A journal was kept relating to gengral observa-
tions, details of the trips and the habitats, the specimens collected
and where, weather, temperature, and other details.
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A catalog was kept by each collector® and the specimens wers
each given a sepsrate number ( or a lot number, if the same kind
wvas from the same locality and habitet) which consisted of the
initials of the cataloger (usually the collector), the year, month,
day, hyphen and a number denoting the number of the specimen (or
specimens) for that date, If two or more individuals are listed
under a single numbex, they are listed in parentheses at the end, for
oxamglo RL520612-2(2), This number keeps all data coordinated.

The locality (state, county, miles from the nearest towr, and other
pertinent information), the date, and collectcr (if other than the
cataloger) are recorded, as well as the field identification of

the specimens cataloged, the sex, and frequently measurements (esp.
mammals), and apparent age.

The third sst of notes (species accounts) were usually kept
only on the chigger hcsts, Early species accounts gave details
on the host only, while later accouncs also gave informstion on
the chiggers recovered.. Early records of the chiggers recovered were
keptseparately on outline sheets with notes on the number of each
species and the disposition (preserved, cultured or discarded).

COLLECTING ChIGGER i.ITES

Three methods were used to collect larv.l chiggers. The first
was to obtain possible vertebrate hosts and to remove attached
larvae, the second involved the taking of unengorged active chiggers
on Chigger Samplers while the third method, not too successful,
inwlved the placing of sanp.‘s of soil, wood, bird or mammal
nests into funnels over water or alcohol, and driving out the larval
and adult chiggers with heat and drying from above. Adults were also
taken from under rocks, bark and were washad from the soil,

ATTACHED LARVAE

The first step to obtain attached larvae was to collect the
vertebrate host. Amphibians and reptiles were generally collected
alive, birds were always shot, while mammals were killed or taken
alive by various methods, If proper faciiities were available
immediately, it was advantagous to collect most amphibians,
regtiles and mammals alive., Chiggers on amphibians were usually

dded in the skin, and rcmained there over long periods of time
until they were removed by use of a sharp needle. Reptiles and
mammals were individually placed either in a screen cage over a pan
which contained a solution of synthetic detergent and water, or
were placed on a screen platform over the detergent solution in a
wide mouthed jar of appr0g§1ate size, capped with a screen 1id
securely held by a screw band. As the chiggers engorged and
detached from the host, they would fall into the detergent solution
which, if clean, kept the chiggers (those without trachea) active
for several days.

'# L, J. Lipovsky did not maintain a continuous catalog after 1948
his material being cataloged by Loomis. On long field trips, usuaily
only one individual would catalog the specimens to avoid later
confusion due to similar fiesld numbers.
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. Reptiles were kept over the detergent solution for long perilods

of time with a minimum of difficulty with fecal matter and food.
Mammals, however, were more troublesome, and the detergent solution
needed frequent changes, Foods were used which did not foul up

the water excessively, such as lettuce and carrots. A window screen
was also placed beneath to catch feces., Fortunately the attached
larvae on mammals engorge and drop off rapidly.

Many of the vertebr: =~ hosts were killed in the field, some~
times hundreds of miles away from the laboratory. These dead
specimens were immediately placed individually into plastic bags,
along with a field number, with the bag securely sealed. I1f the
specimens would not reach the laboratory for many hours, they were
sealed in water-tight jars and placed on ice in a portable icebox,
This is absolutely necessary during the summer. & tentative field
identification was always made, and was listed in the field
catalogue, along with the field number, locality, date, and
collector, When brought in from the field, the vertebrates were
usually identified by frcject members (Finley and Loomis), assisted,
if necessary, by the staff of the jwuseum of Natural History. Wwhen
the identification was in doubt, or the vertebrites represent
important records, specimens were saved after examination
(amphibians and reptiles were preserved, skulls and occasionally
skins of mammals were saved, while birds usually could not be saved).
In the laboratory, the specimesns in the plastic bags were placed
in the refrigerator (approximately hOOF.§ and were kept there one to
several days. Following this cooling (to inactivate the attached
larvae), the specimen was removed and exzmined undsr & binocular
dissecting scope tc determine the site of chigger attachment,
Representatives of chiggers from each area (i.e. ears, legs, belly)
were picked off the host by the use of needles ard forceps, and
were mounted for accurate determination., also the approximate
numbers of each kind together with their location were recorded in
the host species account, After warming at room temperature, the
specimens were placed in wide-mouth fruit jars of appropriate size,
and covered with the solution of synthetic detergent and the
plastic bag was washed and examined. The jars were tightly sealed
and shaken vigorously several times, over a period of 15 minutes or
more. The solution was then poured into a cylinder, after the host
was wrung out, and replaced in the jar for one or two more washes,
After the material has settled the top scum is stirred up and
eliminated, and the wash can be decanted. The material at the bottom
of the cylinder is then placed in a petre dish to be sorted under
a dissecting scope. after two to three washes the bird or mammal
was then re-examined under a dissecting scope to remove any
remaining chiggers. (For more information on washing see Technical
report, Lipovsky 1$51:151-156). The chiggers were then taken from
the mass of debris and were placed in Syracuse .Jatch Glasses,
always accompanied by the field number. The chiggers were then
sorted as to size, color, shape, etc, and were determined to species
by identification of mcunted specimens, The unengorged larvae
were usually Ereserved in Ethyl Alcohol (75-85%). The engorged
larvae were then carefully sorted (see Key to engorded larvae)
and if they are suitcble and desired for culturing, typical repre-
sentatives were mounted and identified and othrers were cultured,
(See culture notes for more details).




CHIGGER SAMFLING

A convenient and successful device for securing active
unengorged larvae has been the Chigger Sanpler, modified &t Kansas
from the earlier devices used at Duke Un;ver51ty (Wharton, 1952:107).
It is a thin black plastic rectangular plate (3 X 69 X 139 mm,),
cut from sheets of Flexi las-ucryllc plastic. The weight of each
plate is approximately 3 rams, and the size of the surface is
approximately one-tanth of a scuare foot, This size is convenient
to carry and to drop into a wide-mcuth fruvit jer containing alcohol
or detergent-water solution when large numbers of active larvae
are present, It also facilitates rapid calculation of the chigger
per square foot. The samplers are hcavy =2nough to lie flat in
open areas and will stay in position among grass and leaves, if
pressed down slightly when placed into position. The black opaque
surface casts a strong shadow, which seemed to activzte and direct
the larvae, and afforded an excellent background on which tc
observe them easily. It was inconvenient to carry more than a few
wide-mouth fruit jars contceining licuid, so we used a fine camels
hair brush to pick up the larvae. Oualy when large numbers were
present and all were to be collected, were the fruit jars used,

The success of the sampler depended upon the ability of the
worker to place it in the proper place at th2 preoper time., Our
early investigations in the summer rcvealed only th2 common pest
chigger, Trombicula alfreddugesi. Luter work in low moist valleys
uncove‘ed T li OVok sna., continued sampling in the woods and wood-
land edge turne sylvilagi in the fall, while early winter
and early spring sampllng resulted in the dlSPOVer of T. llgovskz
and Euschongastia # 3. Onec engorgad larva of Z. loom1£3
crawled upon a sampler in late fall. Sampline in the dry open
areas among tall-grass, weceds and open forest floors revealed the
summer 'bird' chigger, Neoschongastia americena, found only after
mounting many samples since they closely resemble T, alfreddugesi
on the sampler. One of the common spring, summer and fall
chiggers T. gurneyi, continuesd to clude us until we re-examined the
host data dns found that within the University of Kansas Natural
History Reservation are:w the chigger larvae were restricted to
woodland species. Since we had not found them in many samples of
the forest floor, we turned to sempling logs which were in an
advanced stage of decay and found the larvae c¢xceedingly common
at certain times of the ycar and under proper tempecrature
conditions (relatively cool compared to T. alfreddugesi). Later
sampling revealed T. gurneyi to be common around dacaying upright
trees and under decayed logs where 'fr:ss! is present, within the
deciduous forests. (Sec Key to unengorged larvece for field
recognition characters)., ThLis makes a total of eight species taken
on samplers within un are:l of one square mil:, more species probably
than the total reported from the rest of ths world taken by
comparable methods. This also represents seven of the ten most
common chigger species taken on or near the Raservation. The
failure to uncover the other common species is certainly due to our
failure to sample in the correct place at the propcer time, The
rarer species certainly will be difficult to ti;ack down since even
the vertebrate hosts only occasionally pick Srem up. The three
common species not yet samplied are; Hanaenznia a rrog chlpger.
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a tiny white, slow-movirg chigger probably restricted to underground
burrows and nests, since they seem to require a great deal of :
moisture in the larval stage, and the third, Euschongastia peromysci,
which is a woodland species and probably is found around logs,

stumps and the forest floor, near rodent nests and runs., Many
speclies (e.g. T. cynos, T. trisetica, and Walchia americsna) seem

to appear suddenly great numbers on the hosts and drop off
rapidly leaving only occasional attached stragglers.

Examination of nests by the Berlese funnel method have
revealed remarkably few larvae, either engorged or unengorged., This
is surprising since most mammals spend u great deal of time in
their ne.ts and the nests especially of the wood rat seems to afford
an excellent habitat with abundant arthrcpods whichk could serve as
food for the postlarval stages. Two explanations arc given
tentatively, First, our methods to recover larvaec from the nests
probably are not correct (Berlese method, heat and light over the
nest) and second, the larvac probably go through the nest material
into the surrounding soil or other material which affords protection
for the delicate eggs and postlarval stages.

KEY TO UNENGORGED LaRVas, AS OBSERVED ON CHIGGER SsMFLERS
AT THZ UNIVERSITY OF KaNSaS NaTUKHAL HISTORY RESERVATION,

1, a) Size large*, color bright orange to bright red - - - - - - 2
b) Size small, color white, movement slow - - -Trombicula gurneyi

2, a) Color red, movement rapid = = = = = = = = = = = = = = - = 3
b) Color red to orange thairy!, moverment slow = - = = - - - = 4

3. a) Movement direct, legs appear coordinated - T, (Eutrombicula)
b) Movement erratic, legs appear wobbly - - - Neoschongastia

Le a) Colordarkred = = = = = = = = v = o = = = T. (Neotrombicula)
b) Color orange, pale, 'hairy! appecarance - - Euschongastia

RECOVERY OF AOULTS

We have found nymphs and adults commonly bencath the bark on
rotten logs to the south (T. splendens), and T. alfreddugesi is
very commonly uncovered under rocks in the spring while the soil
and rocks are cool, Deeper in decaying logs we have found T,

urneyi. Six adults of T. alfreddugesi were found in a nest of
the s*Ink, BEumeces fasciatus, These adults almost certainly
developed from larvse that dropped from the female skink which
remained with the eggs for several weeks. The soil was tightly
packed within the nest, but numerous cracks afforded safe
shelters for the adults, and the maintzinance of moisture by the
female skink for her eggs was advantageous,

% Size based upon large (Eutrombicula) larvae which are common
throughout the summer,
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Nymphs and adults of T. alfreddugesi and T. ligovskxana were
also recovered from the soil, by emersing sod In 2 large
container of warm water, breaking up the material thus allowing
the nymphs and adults to float to the surface,

The larvae, as well as nymphs and adults, were mounted on
slides in Folyvynol~alcohol medium {see technicel report,
Lipovsky, 1953:42-44) and covered with nunber one cover glass-:s.

CULTURZ :.£THODS

The development of culturc methods for chiggers was undertaken
in consideration of two aims: To provide not only methods for
detailed life history studies, but alsc to develop methods which
would enable other workers to culturc thesc mites for studies in
disease transmission, morpholegy, histology, taxonomy, and other
fields, The methods a2nd ecuipment described herein have been
used primarily for life history studies,{but may be easily modified
to suit other types of work). The mass culture is of particular
significance to disease transmission studies.

The culture tube and dish used for life history studies have
been describad in dztail elsewhere (Lipovsky, 1953:4=7)

Collembolans (Sinella) and their eggs (sce Lipovsky, 1951)
have proved to be the most convenient food for use in culturing
the post-larval stages. Other insect and arthropod eggs have been
used, but the ease of maintenance of the Collembola colonies ir
the laborctory and the constant supply of acceptable food thus
provided are distinct adveéntages not associated with other possible
food sources, The Collembola colonies ar: kept in finger bowls or
larger staeking dishes which are lined with thce charcoal-plaster of
Parls mixture., Pellets of dried yeast ars add:d as food; water
is added to preserve the necessary humidity,

An outline of the culturing procedure usually followed is
iven in the following paragraphs., As expl:ined subscquently, it
is sometimes desirable or necessary Lo deviate from this procedure;
however, this general mcthod is fullowed in the mejority of cases,

The engorged lerva:2 are usually removed fror the host by
picking or by the washing method, or arc recovered from a detergent-
water solution in the pans bcneath the live host. The larvae in
detergent in watch glasses are then cecrefully sorted under the
highest power possible on dissecting microscope and separated into
species according to size, shape, color of eyes and body, sensillae
etc, as well as possible,” The unengorged specimens are preserved
and mountcd, while the different species to be cultured are
determined by mounting engorged individuals which appear
representative in evcry way of that group of larvae.

While there arc usuclly only a fow specics on @ single host
individual, we have frequently found thct two closely related
species (e.ge 2. alfreddugesi and T. lipovskyana) occur together
and are impossible to seperate for culture purposes. The presence
of two such species is usually discovered by mounting a series of
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larvae for determination. If only one spacies is represented in

the sample, it is fajrly safe to consider that the culturdng
specimens represent one species,

These larvae are then transferred with a pipette from the
detergent solution to the culture tube., Tne plaster lining will
absorb several drops of water, but it is advisable to transfer as
many chiggers in as fow drops as possible; excess moisture greatly

- facilitates the growth of mold., Up to 50 larvae can be safely

cultured in a 5-dram vial. Th: stopper is replaced and the vial
numbered.

Periodically (usually every 48 hours) the vial is checked to
determine the progress of the mites, Th: lervae frcouently remain
active for 4 to 5 days, but soon become quiescent and enter the
prenymph stage. Occasionally, active larvee move to the top of
the viel and ar: found on the cep when the visl is opened; these
larvae are returned to the vial witir & nceadle,

When the nympkal forms boegin to emerge, these are carefully
examined and gross appearance is noted, Since the nymphs
frequently climb the sides of the vial and stopper, it is advisable
to rap the vial sharply on the table several times before opening.

No injury will be done to the nites if the tuboe is free from
debris., Food (Collembol:: egzs) is added and tvhe feeding habits
are noted if observed., Representative nymphs vre preserved for
study 3 to 4 days after cmergence; the time interval allows
sclerotized structurcs to barden propcrly so thet the specimens
are truly representative, After feeding and after a sufficient
time interval, vhe nymphs bccom: quiescent and enter the preadult
stage.

During the preadult guiescence, or after cmergence of the adults,
the mites may be trasfurrcd from the culture tube tu a culture '
dish., Girooves are cut in tha plaster lining of the dish, so that
the adults are provided a plece for hiding and ovoposition,
Collembolans are added to the dish, and pcllets of dried ycast are
introduced as food for thesce insects, Since the dish is more
subject to evaporation than is the tube, woter must be added at
frequent intervzls,

-Maintenance of the adults in the dish until egzs are laid may
become a matter of several months., During this time the humidity
it the dish, the yeast for th. collembolans, the egg production of
the collembolans, and the number of collwmbolsns present are the
important factors in development of a successful culture
{temperaturz in our laboratory wus controlled at approximately 70°F),
The egg production of the collembolans can be kept relatively high
if adequate mold-free food is provided, and the collembolans
themselves may be easily killed and removed if they become too
numerous,

After chigger cggs are deposited in the grooves of the dish, it
becomes important to insurce a plentiful supgly of collembola eggs;
adult chiggers will cat their own 2xgs in th2 abeance of other
food, Frequently either the adults or th. eggs sre transferred
to a separatc dish to insure unmolested dgvalopment.
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If careful notes are taken during frequent inspections and
representative forms of the various stages are preserved for more
detailed study, an accurate rccord of the life history of the
mite under laboratory conditions is acquired.

Several modifications of this culture method are employed
in special cases., As explained below, these are generally
modifications in technique to resolve specific difficulties rather
than modifications in c¢quipment.

Several of the smaller specics of trombiculids, for example
Walchia amerlcgna, Fseudoschongastia farneri and hungerfordi, and
Trombicula trisetica, escape from culture dishes far more readily
than do the larger species, ~ For this reason it has been found
advisable to dispense with the culture dish and retain the adult
mites in the culture tube.,.- Thus, the entire life history is carried
out in & single tube., -Since observations are somewhat impeded by
the relatively poor lighting in the tube, th: entire contents are
occasionally knocked from the tube into & petri dish; the number
of mites and the stages present. ars noted and thain returned to the
tube, The number of collsmboleéns is also controlled in this manner,

A second modification concerns observations on the fcod and
feeding habits of the postlarvel mites. Collembolans are customarily
1ntroducgd into the culture dish with the mites; in thesce instances
feeding observations arc rarely made and it is difficult to determine
the nature or zmount of food taken. If, instecd of adding th:
collembolans, only the eggs of these insects are placed in the
culture dish, observations of feeding arc. more frequent. Moreover,
an estimate of the amount of food required and of the typs of
food preferred (whether egg or active stage) is obtcined., The
additional time required in mcintaining culturcs by this me thod is
well worth the information thus gained.

An importent consideration in-lif;-history studies is accurate
identification of the species-of chiggir mite under investigetion,
At presecnt the species can be positively identified only from the
mounted larva, Since more than onc specics is commonly found on a
host animal, and as these usuzlly cannoi be completely separated
before being placed in culture tubes, correlation of postlarval
steges with larval forms frecuently becomés a major problem, Of
course larvae may bz obtainad from female mites and the female thus
identified, but many culturss cannot bz carrisd to this stage.

The species cén be identificd from the larval skin discarded

by the nymph, if this skin czn be found, To facilitatc thc location
of the cast larval skin, "isolation" tubes are used., These are
1 dram glass vials partlally filled with the charccal-plaster-of-
Paris mixture, and stoppcred with a cork, The sides of the vial
are not lined with plasteur and thus allow inspection without removal

of the stopper, Engorged larval nites are plcced in a regular
culture tube; when these larvae become inactive and enter the
prenymph stage they are placed individually in the "isolation"
tubes, When the active nymphs emerge, the cast larval skin is
easily located and mounted, and an accurate idertification of the
individual nymph is obtained and the nymph is plerd in a regular
culture tube or dish, '
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One difficulty yet to be overcome is the presence of cheese-
mites (family Acaridae) as contaminants in Collembela cultures and
in chigger cultures containing these insects, Acsrid mites feed
on the ycast provided for the collembolans; they multiply rapidly
and cover the surface of the yecast (peilets) in 1 to 2 days. Their
presence inhibits egp production by the coil:mbolans; also, hypopal
stages of these mitcs attach to both th: collembolans and the
trombiculids but apparently do littlce harm. Cheese-nites may
become so numcrous thit the culture dish must be abandoned, and
the trombiculid mites transferred to & fresh dish. A partial
control of these contaminunt mit-s may b: effected by providing
only the amount of yeeost thet the collumbola will consume.
Obviously, this amount is hurd to det:irminc; too little ycast will
restrict the egg production of the collenmbolans as much as the
presence of the acarid mites., Yeast pellets snould be scattered
widely over the surface of the dish and not concentrated in one
pile, to zllow th. collembolans bett:r access to them. Feeding
the collembolans in this manncr cvery 48 hours, and then removing
the uneaten yeast sevcral hours later, zives an adequate but not
complete control,

THE aSS CULTURZ

The mass culturc was developed as a nmcans of providing large
numbers of postlarval mites for virious additional studies;
larvae are also periodically produccd. This culture method is
excellent for keeping & chigger species z2live in the laboratory over
long periods of time. The principal zdvantoge of this method is
the slight amount of attention necessary for maintenance,

Tha procedure for establishing the mass culture is as follows:

l1). A medium sized terrarium (15 x 9 x 9 inches used in our
laboratory) is filled to o depth of 1 to 2 inches with dacayed
wood which has been autoclaved to kill possible contaminating
arthropods and molds.

2). 1Into this terrarium arc placed a host with attached
larvae or cngorged lurve of the dosired specics, either washed
from their host or taken from detorgent solution in a pen below
the host., A number of collembolans arc iatroduc.d snd pellets
of ycast cre added.

3). During the time required for the adult stage to be
reached and eggs leid (usuclly 6 to 7 weeks), the culture is
periodically checked; ecnough water is added to kecep the substratum
moist and yeast pcllets for the collembolans are replaced when
exhausted.

L4). When larvac begin to appear (their presence is easily
detected with chigger sanpler) o vertebrate host animel, preferably
& lizard or small snike is introduced in the culture, so that the
larvae csn engorge and drop off.
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5). Continued maintecnance of the culture requires only
periodic addition of water to maint.in the humidity, yeast as food

for the collembolans, and occasional fcading of the snake or
lizard,

Th. mass culture thus furnishes a y.cr-round supply of adults
(for experimental purposes) and a poriodic supply of larvece,
Although maintained in the laboretory at a constant tempuerature,
the larvae appear periodically during upproximatcly the sume
seasons as is found in the natural stet:; i, e., larvas of summer
chiggers are present in th: mass culture during the late spring,
summer, and ecarly fell, but crc absent during the late fall and
winter months,

Mass cultures of the common pest chigger, Trombicula
(Eutrombicula) alfreddugesi, and its reletive, T. (E.) splendens,
have bcen maintained in our leboretory for two years; the latter
culture is still cxistent. Howcever, mass cultures ¢ n no doubt be
prolonged for gre:ter poriods than twe yoears,
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KEY TO THE LIVING tNGORGED LaRVaL CHIGGERS (FAMILY TROMBICULIDAE)

1.

be

5

7.

8.

9.

10,

11.

a)

b)

a)

b)

a)
b)

ow o®

a

)
)
)
)
)

b)

FROM NORTHEASTERN KaNSAS, AS OBSERVZD UNDER A BINOCULAR
DISSECTING SCOFE.

Larvae embedded in the skin of amphibians (size large,

red} = = = = = = = = = - =@ =@ 2 2 20 2 = - - - = Hannemania
Larvae not embedded in the skin of amphibians- - - - - 2
Size large*, (500u or merc in longth)e = = = = = = = - 3
Size small zhOOu or less in length)- = = = = = = = = = 9
Color cCeep red to deup orange = = = = = = = = = = - = g
Color pal. orange, ycllow to white - =« = = = = = = - -
Distinct 'shouldors', narrov terminaticn of body,

sensillac globose- = = = - = = = = = = = - - - Necoschongastia
No distinct shoulders- = = = = = = = = = = = =« = = = = 5
Sensillae globose, round, gnathosom=z under

body - - = = = = - - - - “ - - - - - - - Buschongastia sctosa
Sensillac flagelliform, usually longer than wide,

gnathosoma not under body- - = = = = = = = = = = - = - 6

More then one mastitarsala and other flagelliform

setac on leg III. Color orange. (Mostly winter,
October-April) - = = = = = = - - = - T. (N:otrcmbicula) (3 ssp.)
One mastitarsala and uo other flagelliforia setae

on leg III. Color deup red to oroeng:s. (Summer,

May-October) - - - - - e - - - =- - - T. (Eatrombicula) (2 ssp.)

Body cappears setoce ('lairy'), pale oréngse to white,
sensillae globose, Euschongestic, = - = = = = = = - - 7
Body appears rudc, pzls orange tc white, scnsillae
flagelliforr, slightly smali:r than T. tEutrombicula)
(summer, April-Novembie) = = = = = - - Tro:icula gurneyi

Color pele orange- - = - = = = = = = = B. psromysci and E. #3
Color white- - = = = = = - - - E. # 2, E. omisi _
and E. gipistrelli (On bots, E. pipistrelli)

Color derk brown, orange to bright yzilow - - - - - - 10
Color white (occasionally pele yollow) = = = = = = - = 15

Size medium smell, raund, orange to brownish - - - - - 11
Size smell, clongit2 orange to round y:llow- - - - - - 12

Body globose, gnathogoma under body, color brown,

sensillae globese- = = = = = = = = = - - = » - - Cheladonta
Body with gnathosoma anterior, not undcr body,

sensillae flcgellifoim - -Trombisula _ g¥? -~ 2.7 Woe”
— Fitcai and T. k&-dosi

.
-

%The basis of size is the large red cngorcd Tronbicyla (Eutrozbicula)
the common summer chigger and the red T. (qutrombigula) the common
winter chigger. Size over %J00u in lengtn,
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a) Body elongate, color orcnge (Summer; -Trombiculz trisetica
b) Body round to slightly clongite, color yellow
(Winter) = = =« = = c o - = 2@ o ¢ = ¢ = = = T. cynos
13, & Size very smell, round, white to p:le yellow - - -

T I T Walchia americana
b) Size sme2ll, elongate, narrow body Fs2udoschongastic - - 14

14, a) Eyes bright red, mostly eastcrn - - - - F, hungerfordi
b) Eyes pclc pink to whitc, mostly western - - P, farneri




SFECIES ACCOUNTS

Trombiculz (Eutrombicula) zlfreddugesi (Oudemans)

Geographic distribution.--South 2rd Centrcl America northward
to Ca r 5 . Dtkots and east to the atlintic coast,
westward in the Uxited Stites to the Rocky kounteins, in Colorado,
locally to California. In Kansas, it is statowide and extremely
common.

Seasonal occurr:nce.--In northecstern Kansas it uppecrs the
last o y, and aisappecrs from the husts in November, Chigger
samplers have taken them only up to October. Extremely abundant in
June, July, August ana Scptenber,

Ecology.--This is the most widespread summir chigger, and
has becn taken on almost every terrestrial vert:brote collected
during the larval active season, It is particularily abundant
in the grasslands and woodlrnd edge, becoming less common to absent
in the climax deciduous forests, It stcms to be able to survive
under drier conditions than cither T. spli:ndens or T. lipovskyana,
both of which occur within the geographic rang2 and overlap 2lmost
entirely in habitat pref:rcnce., Adults are commonly found under
limestone rocks alon~ przirie ledges in late spring (May) in
Kansas, Rerely, if c¢ver, arce adults of this species found under
the hark of dccaying logs in « fcrest habitaet., sdults have been
washed from the soil in differcnt grassland habitects.

Life history.--This species was rearcd from larva to larva
on numerous occasions. Duration of prenymphal stage, 5-13 days;
duration of nymphal stage, 15-120 dcys; duration of preadult
stage, 13 days: duration of adult stage prior to oviposition,
7-27 days; duration of egg stuge, 7-9 days; duration of dceutoval
stage, 6-9 duys, Total time from engorged lurv: to uncngorged
larva, 49-191 days. Food prcferrcd: Eggs, 2lthough 2ctive stages
are occasionally eaten,

See Technical Repcrt Wolfenberger 1952, for additional
information on this specizs,

) Hosts.,--Amphibia: Bufo woodhousii, Acris gryllus and Rana
pipiens,

Reptilia: Terrapene ornata, Holbrookia maculata, Sceloporus
undulatus, Phrynosoma cornutum, Crotaphytus cellaris, Ophisaurus
attenuatus, Cnemidophorus se¢xlincatus, C, sackii, Eumeces fusciatus,
E. ob3oletus, Urosaurus ornatus, Uta stansburiana, Diadophis
punctatus, Coluber constrictor, Masticophis flagellum,Elaphe
guttata, £, obsoleta, Het:orodon nasicus, H., platyrhinos, Sonora
episcopa, Pituophis c¢tenifer, Lampropoitis calligoaster, Lampropoltis
getulus, L. triangulum, Nutrix eryvthrogastcr, N. rhombifera, N,
sipedon, Thamnophis radix, T. sauritus, T, sirtalis, Tropidoclonion
lineatum, Agkistrodon contortrix, Crot:lus horridus, C. viridis,

Aves: Butco jamaicensis, Tympanuchus cupido, Colinus virginia-
nus, Rallus eleguna, Zenaidurza mzcoura, Coccyzus americanus,
Crotaphaga sulcirostris, Melanerpes erythrocephalus, Eremophila
alpestris, Cyanocitta cristata, Corvus brachyrh nchos, Parus

.
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bicolor, Troglodytes aedon, Thryothorus ludoviciznus, Toxostoma
rufum, Sialia sialis, Turdus migratorius, Sturnus vuigaris
Passer domesticus, Icterus galbula, holothrus ater, Quiscaius
quiscula, Sturnellaz magna, S. neglecta, Firangs rubra, Richmondena
cardinalis, Spiza americcna, Fipilo erythrophthalmus, Calamospiza
melanocorys, Chondestes grammacus, Spizella passcrinz, and S.
pusilla,

Moammalia:  Didelphis marsupialis, Cryptotis parva, Myotis
velifer, Tadarida mcxicuna, Sylvilagus floridanus, Sciurus niger,
Cynonys ludovicianus, Citellus tridecemlinestus, Ferognathus
flavescens, rerognathus hispidus, Dipodomys ordii, Onychomys
leucogaster, Reithrodontomys megalotis, R. fulvescens,
Feromyscus maniculatus, r. lcucopus, Sigiiodon nispidus, Ncotoma
floridena, N. micropus, N, albigule, N. cinercea, N. mexicana,
Microtus pinetorum, M. ochrogaster, Rattus norvegicus, Mus
musculus, Canis latrans, Canis familiaris, Procycn lotor,

Trombicula (Eutrombicula) batates (Linnacus)

Geographic distribution.--Scuth zni1 Central America, northward
to Texas, alabama, Georgia, Florida, Californiz end southwestern
Kansas (Saward County),.

Seasonul occurrcnce,--Larvac woere collected in Kansas on
September 9,

Ecology.--In Kansus the larvce were taken from hosts obtained
at a singlc locality, in & send-sagebrush hcbit. t in the Cimmaron
River valley.

Life history.--This specics was not cultured,

Hosts.--Aves: Sturnella neglecte, Marmalia: Pcrognathus
hispidus and Dipodonys crdii.

See technicel repert wolfenbarger, 1953, for further details,

Trombicula (Eutrombicula) lipovskyana wWolfenbarger

Geogreophic distribution.--wWestern Tenncssce (Henderson County),
hrkansas (Fope and washington countics), castera Cklahoma (Delaware
County) and eastern Kenszs {Anderson, Bourbon, Douglas, Lcavenworth,
Montgomery, and Shawnc. counties, doubtfully from Logsn County in
western Kansas)

S¢asonul occurrence.--Jun: 1z te hovember & in Douglaes County,
Kansas,

Ecology.--This specics occui's in the same genercl arcas as
the common chigger T. a2lfreddugesi. Tha specics livovskyana seoms
to be restricted to moist ar.cs ¢ither in meadows or woodlands,
usually in valley habiteats, commenly near swarpy areas, Birds seem
to be commonly infested, but th: small mommals of the moist areas
are conmmonly infested. Larvze have been sumpled in saveral arzas
of Douglus County
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Life history.--This species wcs reared in culture 2iong with
Trombicula [(Eutrombicula) alfreddugesi. The only obsaerved values

3 3 e N T 2 .
which definitely pertein to this.specivs arc the duration of the

eggs stage (30 days) cond the duration of the decutoval stege (8
dayg). Otherwise thce life history is probably similar to that of

T. (E.) alfreddugesi.

Hostg.--amphibia: Ac¢ris gryllus, Reptilia: Terrapene
ornata, Crotaphytus collaris, Eumcces ohsoletus, Coluber constrictor,
Elaphe obsoleta, Lemprog:ltis getulus, Thamnophis sirtalis,
Agkistrodon contortrix, «nd Crotalus hori-idus. Aves: Tympanuchus
cupido, Colinus virginianus, Rallus elsgans, Bartramia Zenaidura
macroura, Tyrannus tyrunnus, Empidonax 7, rarus bicclor, Troglodytes
aedon, Toxostoma rufum, Sialia sizlis, Turdus rigrctorius,
Sturnus vulgaris, Fasscer domesticus, Agelaius phoeniceus, Molothrus
ater, Quiscalus quiscula, Sturnell:2 :asne, Sturnclla negl:zcts,
Richmondena cardinalis, Spiza americend, DMammalia: Sylvilagus
floridanus, Sciurus niger, JSigmodon hispicus, l.icrotus
ochrogaster, Uryptotis parva, Ncotoma floriduna, Cunis familiaris,
and Scalopus agquaticus,

See technical report wWolfenbarger, 1953, for further details,

Trombicula (Eutrombicula) splendens Ewing
Geograghic distribution.--Minncsota eastward to Massachusetts,:
southward through Florid.., westward to Texas, Kansas (Miami Countys
and Nebreska (Saunders County),

Seasonal occurrenc2,.,--In Kcnsas, taken only as adults in May,
Larvae were taken in Nebrcska and Missour® during August and
September,

Ecology«--This spaecies of chigger is a common pest in
southeastern statecs, but is scemingly r.stricted to moist arezs in
the western part of its rcnge., Adults arc comnon in Miami County,
Kansas under bark of decuying logs in hecvy deciducus bottomland
and hillside forests, adults wer: clso frequently teken from under
bark of decaying logs in th: gulf constal plain region of Oklahoma,
Texas and srkansas,

Llife history.--Rearad in the lebor.tory from cvngoreged larva
to newly-hatched larva on soveral occasions. Durwction of prenymphal
stage, 0-13 days; duration of nymphal stige, 15-25 days; duration
of preadult stage, 6 days; duraticn of -dult stuge prior to
oviposition, 8-30 days; durcticn of ezg stzgce, 7-9 diéys; duration
of deutoval stage, 6-9 diys; total laps.d time, lurva to larva,
48-92 days. Food preferred: Eggs.

osts.~-=-Reptilia: Thamnophis sirtalis, Avces: Toxostoma
rufum, ripilo erythrophthalmus and Chondestes gremmacus. Mammalia:
Reithrodontomys fulvescens and Microtus ochregaster,

See technical report, wolfenbarger, 1953, for further details.




Tromdbicula (Leptotrombidium) myotis Ewing

 Geog.aphic distribution.--Mainz (Piscutaquis County), Fennsyl-
vania (Monroe County), hontana {(Ravalli County), Alberta, Cenade,
Kansas (Barber Counfys Oklahoma (Clevcland uoxnty) Arkansas
(Folk County), and New Mexico, 2nd Missouri (Boone Lounty)

Seasonal occurrznce.--Fennsylvanie (iay), Kansas, (August)
arkansas, (harch), Oklahoma, (January ¢nd nprll), Nissouri (March).

Bcology.--This specics wes orizinclly doscribed from a beot,
and has been recerded sev.rcl othur times from bats, However, we
have taken it seoveral times on grouna dw:iling memmals, and
Brown and Brenazn (1653: ) roport it from Alberta on
reromyscus leucopuc,

Life history.--This specics was not culturcd.

Hosts.--Mammaliz; - Sylvilagus flcrid.nus, Myotis lucifugus,
Eptesicus fuscus, rcremyscus loucopus, Neotoma micropus,

Trombicula (Neotrombicule) autunn:lis (Shaw)

Geogrephic distributiun.--Europe, United Stut>cs in southwestern
Colorado ({Dolores County), southwestern Nebraska (Dundy ¢ County)
and south centr:l Georgia (Lowndes County).

Seasonal occurrence.--Colorado, 18 October; Nebraska, 1
November, Georgia, 11 December,

Ecology.--Larvae were token in Nebraska on hosts collected in
a marsh, wet mecadow hebitct, In Colorado, the specimens were found
on Neotoma cincrea, which was trapped noar its nest.

Life history.--Thkis species was not cultured,

Hosts,--Mammelia: Roithrodontomys m2g2lotis, Neotoma cincrea,
Microtus ochrogaster, microtus pennsylvanicus,

See technicel report, Keraos, 1%¢53 for additional information.

Trombicula (Necotrombicula) lipovskyi Brenucn and Wharton

Geographic distribution.--Northvcstern Koenses (ivcrton County)
to southeastern Nebraska (Richardson County\ southeastward to

Missouri (Fike and Stoddard counties), and sarkanses (Folk County),
and west to Oklchoma (McClain County).

Seasonal occurrence.--In northeastern Kansies, it has been

taken from October 7 to april 27.

Ecology.--This scems to be a grussland species, invading the
sparse forcsts and forest-grassland ecotone in the ecstern part of
its range. Larvae have bzen taken on chigger scmplers at the
woodland cdge, - The most important host is Sylvilagus floricanvs.
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It is a winter chigger, which reaches maximum larval abundance in

late November und early December in northeastarn Kansas, See
technical report, Kardos, 1953, for more details,

Life history.--Reared to the adult stage in the laboratory.
Duration of prenymphal stage, 21-47 days; duration of nymphal
stage, 15-43 days; duration of prcadult stage, 10-16 deys, Food

prepared: Eggs. Sec technicul report Kardos, 1953, for more
detanils,

Hostg.--aves: Asio otus, Cernturus cearclinus, Parus atricapillus,
Sturnella neglecta, Richmondena cardin.lis end Melospiza melodia,
Mommalia: Didelphis norsupialis, Blerine brevicauda, Lepus
californicus, Sylvilagus floridunus, Sciurus carolincnsis, S.
niger, Reithrodontomys m:geletis, Peromyscus maniculatus, P,
leucopus, Sigmodon hispidus, Ncotomu floridena, Meotoma micropus,
Microtus ochroguster, M, pinetorum, lus rusculus, and Canis latrans.

Trombicula (Neotrombiculc) locmisi Kardos

Geographic distribution.--Extrceme eastera Colorado (Yuma
County) and southwc ‘tern Nebraska (Dundy County).

Seasonal occurrencz,--1-z November..

Ecology.--This specics was taken from hosts trapped in meadows
adjacent to strcams which flowed through sandy velleys. The
almost uniformly unengorged condition indiceted that the larval
emergence was probably just beginning.

Life history.--This speciss was not cultured,

hosts.--Mammzlia: Keithrodontomys m:galotis, Pcromyscus
maniculatus and Mus musculus.

See¢ techniccl report, Kardos, 1953, for additionzl information,

Trombicula (Necotrombicula) subsirneta Brennan and Wharton

Geographic distributicn.--kontcne (Ruvelii County), south to
Colorado !%ouiuer County), North Dakcta, liisszuri (Taney County),

Fennsylvania and New York. Also recently found in California
(Marin County),.

Seasonal occurrgnce.--kissouri, 7 Septencer, Colorado 6-15
August, and California, 1 Junc,

Ecclogy.--The specimens from Marin County, California, were
taken from ¥izards, Sceloporus oc:identalis, enc they werc
engorged. The lizaras werc obtained from rock pilcs.

Life history.--This species was not cultured,

Hosts.--Reptilia: Sceloporus occidentziis, aves: Capella
gallinago. Mammalia: Citellus loteralic, Zupus princeps,
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Trombicula (Neotrombicula) sylvilagi Brennan and wharton

Geographic distribution.--Central Illinois (Fiatt County} and
nortneastern Kansas (Jeflerson, Leuvenworth, Douglas and Miami
counties),

Seasongl occurrence,~-August to December (sec Kardos, 1953).

cology.-~This spucies scems to be restricted to sparsec woods
end woodland-grassland 2cotone, especially in the vicinity of
limestonec outcroppings. Larvae have boen chigger sampled at the
University Kansas Natural History Reservation. Only unengorged
larvae were found on snckes,

Life history.--Unengorged larvae were fed upon a juvenile
mouse and successfully engorged and reared to thc preadult stage.
Duration of prenymphal stage, 1l4-17 days; duration of nymphal stage,
18 days. (See 2130 technical report Kardos, 1953).

«--Reptilia: Coluber constrictor, and Agkistrodon
contortrix, Aves: Colinus virginianus, Turdus migratorius,
Richmondena cardinalis, and Junco hyemalis, Mammalia: Cryptotis
parva, Sylvilagus floridanus, Sciurus (niger and ccrolinensis),
Peromyscus maniculatus, t. lzucopus, lNecotomc floridana, Microtus
ochrogaster, lius muscuius, and capus hudsonius.,

Trombicula (Neotrombicula) whartoni Ewing

ngggaghic distribution.--Southwestern Nebraska (Dundy County)},
Kans:s (Nemaha to Miami counties), Illinois to Fennsylvanic
southward to Florida, kississippi and westward to Arksnsas lMiller
and Folk ceoutities) and Oklahoma (lcCurtain 2nd Adair counties).

asonal occurrence.--In Kansas end iiissouri, larvoe have been
taken from Qctober to Janucry 28, while in Arkanscs, it has
been taken in March 3 to 29.

Ecology.--This species is closely reictaed to Trombicula

iiggvs yi, and inhabits the same gecgraphic range in eastern

ansas, missouri and Arkansas. The two specics, however, are
separated ecologically, with T, whartoni living in the non-parasitic
stages in moister situvations, usuclly forests., The locality in
southwestern Nebraska (Dundy County) is unique in lacking the usual
deciduous forest habitot, but does have wet meadows which are
supplied by springs the entire year, This aree also supports
typical eastern mammals., T. whartoni is not common in northeastern
Kansas, and disappears in December from the hosts. The explanation
for this may be the lack of moisture ccousing the eggs to dry and
not hatch, See Kardos, 1953, for more details,

Life history.--Reared to the nymphal stage (durction of
prenymphal stage, 22-27 days). Food preferred: Eggs.

sts.--aves: Cyanocitta cristeta, Parus bicolor, Richmondena
cardinalis, Junco hyelalis, Zonotrichia albicollis and Zonotrichia
uerula, Mammulia: Sylvilegus floridanus, Sciurus carolinensis,

o niger, Reithrodontomys fulvescens, Perowyscus maniculatus, P,



leucopus, Sigmodon hispidus, Neotoma floridana, Microtus
ochrcgaster, . pinetorum, i.. pennsylvanicusm, Mus musculus.

See technical report, Kardos, 1953 for aduitional information.

Trombicula crossleyi Loomis

Geographic distribution.--South ccentrel Xansas (Barber County)
and soutﬁern Oklanowa (Comznche County),

Seasonal occurrence.--hay (Cklahoma), July, September and
October (Kansas]).

Scology.--Larvae have been taken from hosts living in roc ky
canyon are¢as, as well as in spcrse wecods along the ccnyons and in
nearby sandy villeys. The frequent prescnce of larvce on the
red-headed wocdpecker indicates that the pcstlarval stcges may be
found in upright dead trees or in cevities of living trees.

Deep crevices in canyon walls also may afford a possible heabitat,

Life history.--This species was reared from larva to larva
in the laboratory. Duration of prenymphal stige, 7-8 days; duration
of nymphal stage, 7-31 davs; duration of preadult stage, 10 days;
duration of adult stoge prior to oviposition, 164 days; durztion
of egg stage, 8 days; duration of deutoval stage, 1l days; total
time,engorge& larva to newly-hatched larva, 209-234 days. Food
preferred: Eggs.

Hosts.--Aves: i.elanerpes erythrocephalus, Mammalia:
Feromyscus maniculatus and reromyscus leuccpus,

5 Trombicula cynos Ziwing

e, ey

(Douglas, l.aami, and Barber counties), Oklahoma (Clevelana,
lMcCurtain, and Comanche counties), arkanscs (rolk County), and
California (Plumas County).

Geographic distribution.--New York (Tompkins County), Kansas
1las, |

Seasonal occurrence.--October to day is the known season range
of this species,

Ecology.--This species probebly inhabits wocdlands, and may
be partial to rotten logs and decaying uprigiht trees. Records from
Barber County, Kansas, were from bats, .iyotis velifer, collected

in a gypsum cave.,

Life history.--This species was not cultured.

Hosts.--imcmmalia: Sylvilagus floridanus, Myotis velifer,
Sciurus carolinensis, Sciurus niger, Peromyscus meniculatus,
Neotoma floridana.

r{
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Trombicula fitchi Loomis

%gogrﬁgnic distribut ion.--Illinois (Fiatt County), and Kansas
(Douglas, Miami and Barber counties).

easonal distribut jon.--This species has been taken from
September to april in Kansas.,

Ecologye.=-In the eastern part of its range, thc larvae have
been found only on hosts which are principally arboreal. This
seems to indicate thcat this species is restricted te the nests
of squirrels, situsted in decaying trecs or some other place where
the postlarval stages can survive. In the Barber County area,
however, this species has bezn taken from cave bats (Myotis) and
the gray woodrat (Neotoma), both inhabiting rocky canyons with few
trees., The deep crevices and damp cool retreats in the canyons
probably afford a suitable habitat for this normally forest
dwelling chigger.

Life historv.--Reared in the lzbor: tory to the adult stage.
Duration of prenymphcl stage, 8-30C days; duration of nymphal stage,
2%-31 days; duration of preadult stage, 9-11 days. Feeding was not
obsarved.

Hosts.--Reptilia: Klaphe obsoleta, Mkammalia: Mhyotis
velifer, Sciurus cerolinensis, S. niger, Glaucomys volans, Nzotoma
micropus,

Trombjicula gurneyi Ewing

Geographic distribution.--laryland (rrince George County)
south to Florida (Orarnge County), westward to Texas (Titus County),
Oklahoma (Harmon and Cleveland counties), Kansas (Cheyenne County)
and Colorado (Yuma County), Statewide in Kensas from Chsyenne to
Seward counties in the west, to Doniphan and 3Bourbon counties in
the east,

Ecologﬁ.--The larvzce of this spacias have been commonly taken

in eastern Kansas on chigger samplers which were leid on rotten

logs. It scems to be restricted to that hebitat in the zastern

part of the range; however, since no similar habitat is present

in western Kansas and other western areas, it is thought to inhabit

the burrows of small rodemt s, the common hosts. Evidence to that

effect has been obtained in Cleveland County, Oklahoma, where

the nest of Neotoma floridana contained an unengorged larvae,

The f£rass of rodent nests may compare favorably with the rotten

log frass which sugports heavy concentrations in eastern Kansas.,

Also it appears that few summer species of larvel chiggers (ie.
vmbicula (Eutrombicula) and Neoschongastia) can survive in the

western %igh plains on the surface of the ground which is shaded

and ﬁrotected only by short to medium-height grasses. The presence

of this species on the burrowing owl (Speotyto) s-pports the burrow

and nest theory, and its presence on the rcd-neaded woodpecker

(belanerpes) indicates its occurrence in upright logs and dead trees,

o g et
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The nymphs and adults have been found in the heart of rotten logs
in Titus County, Texas. The lack of eyes, or only faint lenses
present, supports the theory of deeper penetration, as op,osed
to the more external-living species, %rombicula (Eutrombicula)
egignding. The species prefers a habitat with a lower temperature,
c 8 indicated by the very early emergence of larvae in the
spring (23 april in nort.ieastern Kansas),.,. They are fully active
at a tempersture nearly 10° F. lower than the common chigger, T.
(E.) glifﬁggggggg. Likewise T. gurneyi requires more moisture
both as larvas and in the postlarval stages, than the species
(T. g;gigggﬁgggg, Neoschcngestia americana) which live as active

larvae the open grassland during the summer.

easonal occurrence.--February 17 (Cklahoma), April 23 to
November in Kansas,

Seasonal abundance.--The larvae appear in large numbers during
May in eastern Kansas, and remain common throughout the summer
until the dry conditioas of the fall reduce and finally eliminate
them., Two and possibly three gencrations in the south, are produced
each year.

Lﬁg% E;stogx.--This species was reared from engorged larva to

newly-hatched larva, Duration of prenymphal stage, 7-14 days;
duration of nyuphal stage, 8-18 days; duration of preadult stage,
10-12 days; duration of adult stage prior to oviposition, 24 days;

duration of egg stage, S days; duration of deutoval stage, 6-10
gaya; total lapsed time, larva to larva, 61-62 days. Food preferred:
2883,

8.-~Reptilia: Eumeces fasciztus, E., laticeps, E. obsoletus,
Sceloporus undulatus, Coluber constrictor, Masticophis flagellum,
Blaphe obsoleta, Heterodon nasicus, Heterodon platyrhinos, Fitnophis
catenifer, arizona elegans, Lampropeltis triangulum, Thamnophis
sirtalis, Crotalus horridus, and C. viridis, Aves: Melanerpes :
erythrocephalus, Speotyto cunicularia. [ammalia: Blarina brevicauda,
Scalopus aquaticus, Sylvilagus floridanus, Citellus tridecemlinecztus,-
Cynomys ludovicianus, Perognathus hispidus, Dipodomys ordii,
Onychomys leucogaster, reromyscus maniculatus, . leucopus, Neotoma
floridana, N. micropus, liicrotus ochrogaster.

Trombicula hoplai Loomis
Geographic distribution.~-South central Kansas (Barber County).

Seasonal occurrence.--July and August,

Ecology.--On the basis of the habits of the hosts, this chigger
seems to habit short~grass prairie and canyon arsas., The situa-
tions are dry on the surface, but the postlarval stages probably live
in burrews, and deep crevices of the rocky canyons.

Liﬁe g%stozz.--This species was reared to the nymphal stage
(duration of prenymphal stage, 13-15 days), No food was taken by
the nymphs,

Hosts.--mammalia: Cynomys ludovicianus, Dipodomys ordii,
Peromyscus leucopus and Neotoma micropus.
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2 Trombicula kardosi Loomis

ggg§£§25$g distribution.--Kansas (Douglas and Allen counties)
and southwestern Utah (Garfield County).

ﬁg%ggggl occurrence.~-~Septembar (Utah), November and April
(Kansas)., ’

5%91251.--Nothing is known of the habitit preference of T.
kardosI, except that thz Douglas County specimens were taken Trom
aquirreis (8ciurus niger) shct from tall Sycamore trees in the
valleyiof a small stream. The forest was not thick, but was
extensive.

Life g%atorx.--This species was reared to the nymphal stage
(duration of prenymphal stage, 6-21 days). Larvae were not
completely engorged and did not trunsforn: past the nymphal stage,
although collembolan eggs were eaten readily.,

osts.--Reptilia: Elaphe obsoleta. ij.ammalia: Sciurus niger,
Eutamias sp.

Trombicula montanensis Brennan

ggg%§§2g3§ distribution,--Creat Flzins in Alberta, Canada,
Montanr eatland County), Nebraska (Jundy, webster counties),
Colorado (Boulder, Yuma and Prowers countics), Kansas (Cheyenne
and Barber counties east to Wabauasee County), Cklahoma (Harper

County), Texas (Terry County), New lexico (3anta Fe County) and Utah,
(Tooele County).

Seasonal occurrence.=--April to October in western and central
Kansas,

fgglggx.--This species of chigger is very common in the
%rass andas of the high plains eastward to the centrzl lowlends.
he postlarval stages seem to inhabit burrows of grassland mammals
and also in nest areas and crevices of canyons where mammals are
abundant. Especially ccmmon on Cynomys, prairie dogs, it also
occurs frequently on other short-grass inhabitcnts,

¥1£§ tory.--This species was recared from larva to larva.
Duration of prenymphal stage, 10-26 days; duration of nymphal
stage, 20 days; duration of preadult stage, 11 days. HNeither eggs
nor deutovae were observed; larvae app:ared after 200 days in
culture. Feeding was not observed but eggs were probably taken,

ts.-~Reptilia: Terrapene ornata, Eumeces obsoletus,
Masticophis flagellum, Heterodon nasicus, Heterodon platyrhinos,
rituophis catenifer, Lampropeltis getulus, Crotalus viridis,
Aves: Speotyto cunicularia, Cyanocitta cristata, and lwuscivora
forficata, Mammalia: oylvilagus nuttalli, Taderida mexicana, g
Cynomys ludovicianus, Citellus tridecemlineatus, Citellus lateralis,
Perognathus flavescens, P, flavus, P. hispidus, Dipodomys ordii,
Onychomys leucogaster, Feromyscus maniculatus, Neotoma albigula,
N. micropus, -
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Trombicula trisetica loomis and Crossley
%§g§;ggggg distribution.--Bastern Kansas (Douglas and hiami
countiesj.

Seasonal occurrence.--kay 26 to November 23.

écologz,--?he larvae have been taken only from woodland
vertebrates, This species ssems to be uncommon, but probably
is found around rotten log and deceying upright trees or large
branches, and possibly under the nests of mammals in the woods,
either in the logs or under shaded rock ledges. Frobably two
generations of larvae hatch each year.

history.--This species was cultured to the adult stage
in the laboratory. Duration of prenymphal stage, 9-11 days;
duration of nymphal stage, 18 days; duration of preadult stage,
10 days. Food preferred: isggs.

Hosts.--Reptilia: Eumeces laticeps, Elaphe obsoleta, Agkistro-
don contortrix, Aves: Sialis sialia, l.ammalia: Neotoma
floridana.

Trombicula twentei Loomis

Geographic distribution.--South central Kansas (Barber County).

Seasonal occurrence.--Taken on hibernating bats in February,

1953,
Eco .--The only known 3pecimens were taken from the winﬁs
and body of several bats, antrozous bunkeri, in a small cave while

hibernating in ceiling crevices. They werc fully engorged.
Life history.--This species was not cultured.
Host.--Mammalia: Antrozous bunkeri.

Trombicula species #. I .

k Q%gggg;n;g distribution.--North central Oklahoma (Woods
County}.

Seasonal] occurrence.--nugust and October 6.

ggo%ogx.--This species has been taken only on Tadarida, the
Mexican free-tailed bzt, which wme present in enormous numbers
during the summer in the lerrihew Cave. Presumably this chigger
inhabits this cave in the postlarval stages, and the larvae
probably appear only during the summer while the bats are present.
Other bats (Myotis, Corynorhinus and Eptesicus) collected in the
same cave were not infested, but these bats do not inhabit the same
rooms in the large cave.
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Life h*stgrx.--This species was reared to the adult stage. :
Duration of ‘prenymphal stage, 13-14 days; duration of nymphal stage,
32 days; duration of preadult stage, 8-13 days. Food preferred:

Eggs.

Hosts.--Mammalia: Tadarida mexicana,

Trombicula species. # II

Geographic distribution.,--Scutn central Kansas (Barber County)
and Coloradoc (Boulder County).

Seasonal occurrence.--april, July, and August,

Ecology.--This species has been taken from hosts inhabiting
canyons dissecting the short-grass prairie, where few treecs are
gresent and where little surface moisture exists during the summer,

hey probably occur in crevices in the rocks, in close proximity
to the nests of small rodents,

Life history.--This species was reared from engorged larva tn
newly-hatche rva, Duration of prenymphal stage, 26 days;
duration of nymphal stage $-21 days; durstion of preadult stage,

14 days; duration of adult stage prior to oviposition, 47 days;
duration of egg stage, 5 days; duration of deutovzl stage, 16 days;
total lapsed time, larva to larva, 117-129 days. Food preferre..:

Eggs.

Hosts.-~-Mammalia: Feromyscus maniculatus, Feromyscus leucopus,
and Neotoma micropus.

Euschongastia criceticola Breanan

Geographic range.--Central Kansas (Barber and Russell
countiesi westward through tre Rocky hountain States.

Seasonal occurrence,--October to arril,

Ecology.--Apparently the larvae and postlarval stages occur in
the burrows and nests of rodents in short-grass prairies, canyons
and rocky situations.

Life history.--Reared in the laboratory from unengorged larva
to newly-hatched larva. Duration of prenymphal stage, 19-22 days;
duration of nyuphal stage, 6-22 days; duration of preadult stage,
11-17 days; duration of adult stage prior to oviposition, 51 days;
duration of egg stage, 51 dzys; duration of deutoyal stage, 16
days; total time, larva to larva, 115-138 days. Food

preferred: Eggs.

Hosts.~-Mammalia: Cynomys ludovicianus, fecromyscus maniculatus,
Peromyscus leucopus, Neotoma floridara, Neotoma micropus.
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Euschongastia kardosi Crossley

. Geograghﬁc range.--Northwestern Kansas (Rawlins County) to
southwestern Nebraska (Hitchoock County).

Seasonal occurrence.--July and august.

Ecolosx,--npparently short-grass prairie, probably in the
burrows and nests of rodents. ’

Life higtory.--This species was culturcd only to the nymphal
stage.

Hosts.--Mammalia: Cynomys ludovicianus, Citellus tridecem-
lineatus and Ferognathus hispidus,

Euschongastia lacerta Brennan
Geographic range.--South central Kansas (Barber County)
Colorago {Gunnison County) and California (Santa Cruz Countyf.

Seasonal occurrence.--July to August.

Ecology.--Uncertain; probably found associated with nests of
larger rodents, espccially in canycns and rocky areas.

Life history.~-This species was reared in the laboratory to
the adult stage. Duration of prenvmphal stage, 21 days; duration
of nymphal stage, 31-39 days; duration of preaduit stage, 13-15
days. Food preferred: Eggs.

Hosts.--Reptilia: ECceloporus occidentalis. Mammalia:

Cynomys ludovicianus, Neotoma micropus, Meotoma albigula, Neotoma
mexicana, Neotoma cinerea,

£uschongastia lipovskyi Crossley

Geographic range.--South central Kansas (Barber County) and
Texas IZavaEa County).

Seasonal occurrence.--July to October.

Ecologx.--The larv:1l and postlarval stages are found on hosts
iiving in both short-grass prairies and canyons. They probably
occur in close association with burrows and crevices whe~e tempera-
ture and hunidity are suitcble.

Life history.--Engorged larvee were reared to the nymphal
stage in the labor.tory (durction of prenympnal stage, 28 days).
No food was taken by the rymphs,

Hosts.--Mamsalia: Sylvilagus floriaanus, Cynomys ludovicianus,
Perognathus flavus, rerognathus hispidus, Jipodomys ordii, Peromys-
cus maniculatus, Feromyscus lecucopus, Neotomz micropus,
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Euschongastia loomisi Lipovsky

ngEraghic range.--South central Kansas (Barber County),
eastern Kansas (Cowley and Douglas counties and southwestern
Missouri (Taney County).

Seasonal occurrence.--September to April.

Ecology.--Probably in association with sparse woods and
limestone %edges. A series of larvae was obtained from the cave
bat (Myotis) in Barber County.

Life history.--Cultured in the lesborctory to the nymphal
stage (duration of prenymphal stage, 15-20 days). Nymphs fed
reluctantly on collembolan eggs.

Hosts.--Mammalia: Cryptotis parva, iyvotis velifer, Sylvilagus

floridanus, Peromyscus maniculetus, treromyscus leucopus, and
chigger sampler.

Euschongastia peromysci (Ewing)

Geographic rarnge.--Northeastern Oklahoma (Adair and McCurtain
counties) and eastern Kanscs (Douglas and Jeff=rson counties)
to southeastern Nebraska (Richardson County), eastward through
Missouri, Arkansas (Polk and Jashington counties); generally
distributed throughout southeastern United States.

Seasonal occurrence.--October to May.

Bcology.--Closely associated with woodlands and woodland
edge. The ¥arvae are frequently taken from Feromyscus leucopus,
trapped in woods. They are possibly another 10g or stump
inhabitant.

Life history.--Reared in the laboratory from engorged larva
to newly-hatc larva. Duration of pren;mphal stage, 15 days;
duration of nymphal stage, 28 days; duration of preadult stage,
10 days; duration of adult stage prior to oviposition, 25 days;
duration of egg stage plus deutoval stage, 15 days; total time,
larva to larva, 93 days, Fcod prefarred: Eggs. Many cultures of

Euschongastia peromysci, also included E.73 Farrell so that the
ata {rom those cultures cannot be used.

Hosts.--Mammalia: Sylvilagus flioridanus, Reithrodontomys
fulvescens, Reithrodontomys megalotus, Faromyscus maniculatus,
Feromyscus leucopus, Feromyscus boylii, Peromyscus gossypinus,
Neotoma floridana, licrotus ochrogaster.




Euschongastia pipistrelli Brennan %5

Geographic range.--Northeastern Oklahoma (adair County) north
to northeastern Kansas (Marshall County), east to Missouri (Stone
and ihcDonald Counties) and arkansas (Newton County), eastward
to Florida and New York.

Seasonal occurrence.-~-The larvae are probably on the bats
throughout tRe year, actusl collections are in September and
December,

Ecologx,--Apparently restricted to caves.

Life history.--This species was coltured only to the nymphal
stage. .

Hosts.--lmammalia: Myotis lucifugus, Myotis keenii
Pipistrellus subflavus, ’ ’

Euschongastia setosa (Cwing)

Geographic range.--North central Oklahoma (Cleveland County)
central ﬁansas (BarEer and Russell counties), eastern Kansas (Douglas
and Cowley counties), eustward to Georgia and Fennsylvania.

Seasonal occurrence,--larvae nave been taken on hosts in
August to April.

Ecology.--These large chiggers are never common, but seew to
be associated with woodlands or alon: rocky or canyon
situations, The engorged larvae are found in small cavities
usually on the legs or body. These cavities seem to be a result of
longer attachment upon the hosts, with the skin of th: host growing
around it. A frequent host is keromvscus lsucopus.

Life history.--Reared in the laboratcry to adult stage.
Duration of prenymphal stage, 10-19 days, duration of nyuphal
stage, 67 days; duration of preadult stage, 1C days. Food
preferred: Not observed, but probably eggs.,

Hosts.--liammalia: Svlvilagus floriceznus, Sciurus niger,
Peromyscus maniculatus, Feromyscus leuccopus, Sigmodon hispidus,
Neotoma floridana, Neotoma micropus,

Euschongastia sp. #2 Farrell

ographic range.-~Central (Barber ard Russell counties) to
northeastern Kansas (Douglas County), southward to Oklanoma
(Cleveland County) and .rkansas (Folk County),

Seasonal occurrence.--February to November. This seems to
be a summer chigger.

Ecology.--The larvae appear frequently on burrowing and
fossorial mammals such as the mole (Scalorus) ani pocket gopher
(Geomys) in addition to the common grassliaad maemmals. It was not
collected on hosts in true shortgrass prairie nor in canyon areas.
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Life higtory.--Reared in the laboratory to adult stage. :
Duration of prenymphal stage, 12-15 days; duration of nymphal stage,
25-26 days; duration of preadult stage, 4 deys; duration of adult
stage prior to oviposition, 64 days %eggs were eaten by the adults
before they developed). Food preferred: Eggs.

st8.+~Mammalia: Blarina brevicauda, Scclopus aquaticus,
Sciurus niger, Cynomys ludovicianus, Geomys bursarius, Ferognathus
hispidus, Onychomys leucogaster, Feromyscus maniculatus, Sigmodon
hispidus, Mhicrotus ochrogaster.

Juschongastia sp. 3 Farrell

Geographic range.--Northeastern hansas, and southeastern
Nebraska (Richardson County) eastward tlirougn Iowa to Pennsylvenia,

Seasonal occurrence.--October to lay.

Ecology.--Found in the tall grass habitat and woodland edge.
This species seems to be widespreac cnd common in northeastern
Kansas. It is especially common on grassland and meadow mammals,
Larvae of this species and E. peromysci are commonly found on the
same host animal but the larvae seem to be acquired in separate
ecologic niches, and usually one or th: other predominate.

Hosts,.--Mammalia: Blerina brevicauda, Sylvilagus floridanus,
Sciurus niger, Geomys bursarius, Reithrodontomys megalotis,
Peromyscus maniculatus, reromyscus leucopus, Sigmodon hispidus,
Neotoma floridana, microtus (ritymys) pinetorum, liicrotus
ochrogaster, Rattus norvegicus, ius musculus, Canis latrans.

Neoschonguastia amerizana (Hirst)

Geographic range.--fastern Colorado (Lincoln County) eastward
through Texas, Oklahoma, Kansas and hissouri, tc Virginia,

Seasonal occurrence.--June to Noverber in Kansas.

Ecology.--This species is a common bird chigger, but it is
also a common parasitez on cottontails (Sylvilagusﬁ in eastern Kansas.
It has not been taken on any other mammzl. Unengorged larvae have
been taken on chigger samplers in hot, dry open situations, and
were swept from tall vegetation. Larvae have bzen observeé to
crawl to the top of stumps znd move about. Larvae were commonly
found on ground nesting birds,
rossible explcnations for the absence of N. amsricazna on

rodents and other small memmals as their nocturnal habits, avoidance
of open areas but host spescificity should not be discourted. A

rallel situation scems to be the Rabbit Tick, Haemgphisalis
igggris-galustrgg, which is also found on birds. Our only
record from Sceloporus is based upon several unengcrged larvae,
possibly indicating it is an unsuitable host.
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Life tory.--Reared in the laboratory to adult stage.
Duration o renymphal stage, 15-17 days; duretion of nymphal
stage, 32-64 . deys; duration of preadult stage, 11-24 days. Food
taken: active forms.,

Hosts.-+Reptilia: Sceloporus undulatus, Aves: Typanuchus
cupido, Colinus virginianus, Rallus elsgans. Crotophaga
sulcirostris, Speotyto cunicularia, Melanerpes erythrocephalus,
Tyrannus tyrannus, khuscivora forficata, Tcxostoma rufum, Sialia
sialis, Turdus migratorius, rasser domesticus, Molothrus ater,
Richmondena cardinalis, 3piza americana, Calamospiza melanocorys,
Chondestes grammacus. lMammalia: Sylvilagus floridanus,

Speleocola tadaridae Lipovsky 1

_ Geographic distribution.--HNcrthern Oklahoma (lioods County)
and south central Kansas (Barber County).

Seasonal occurrence.--Larvce were taken from bats in July,
August and September.

Ecologye.~-This species secams to be host specific to the
Mexican Free-tailed bat. g£xamination of other species of bats in
the same and other caves failed tc reveal this species, nar were
any larvae taken on terresygrial mammz.is,

Life history.--This species was reared to the nymphal stage
(duration of prenymphal stage, 19-20 days). Feeding occurred but
was not observed; probably active collem'..lans were ecten.

Jjost.~~lMammalia: Tadarida mexicana. ’

Pseudoschongastia hangerfordi Lipovsky

CGeographic range.--Rastern Texas (Williamson County) north
through Oklahoma to Rznsas (Barber and Douglas counties¥ and
Missouri (Lawrence County).

Seasonal occurrence.~--late June to October.

Ecology.--This species, although occurring together with
Fseudoschongastia farneri in the western part of its range, seems
to require more moisture, has a different larval season and is much
more common than farneri in northeastern Kansas. The larvae of
this genus are tiny and seem to require shelter and moisture to a

greater extent than any other chiggers. They were almost always
ound deep in the ears of mammais, especially Sylvilagus for P.

hungerfordi.

Hostsg.--hammalia: Sylvilagus floridanus, Perognathus flavus,
Ferognathus hispidus, Dipodomys ordii, Oanychomys leucogaster,
Reithrodontomys fulvescens, Reithrodontomys megalotis, Peromyscus
maniculatus, reromyscus leucopus, Signiodon hispidus, Neotoma
floridana, Neotoma micropus, Micrctus ochrogaster,

L%gg gisto;x.--ﬁeared in the laboratory to adult stage. See
table in life history section for details. Food: Active formns,

- ——— o+
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Pseudoschongastia farneri Lipovsky

gg%graghic range.--Colorado (Boulder County) eastward through
Kansas (Barber, Russell, and Douglas counties) and Oklahoma
(Comanche County).

Seasonal occurrence.--Larvae were found from April to October,

Ecologys=-~The larvae appear carlier than r. hungerfordi,
which 1s distributed over much of the runge of farneri. 7This
species seems to inhabit dry grasslands and has not been taken on
Sylvilagus floridanus, the most common host for E. hungerfordi.

Life history.--Reared in the laboritory to adult stage. :
Duration of prenymphal stage, 12-32 days; duration of nymphal stage,
13 days; duration of preadult stage, 13 days. Food preferred:
Active forms,

Hosts.--Mammalia: Cryptotis parva, Ferognathus hispidus,

Dipodomys ordii, Perowyscus maniculatus, Feromyscus leucopus,
Sigmodon hispidus, Neotoma floridana, Neotomd micropus, Mus musculus,

Walchia americana Ewing

Geographic range.--Oklahoma (Cleveland and Adair counties)
to Kansas l%arser, gouglas, and khiami counties), north
to Wisconsin (Dunn County) and east to Florida tTallahassee).

Seasonal occurrence.--September to March,

Ecolo .--Apyarently restricted to woodlands (wooded canyons
in western Kansas). Common only on Sciurus and Neotoma

floridana.

Life history.--Reared in the laboratory from engorged larva
to newly-hatched larva., Duration of prenymphal stage, 1,-18
days; duration of nymphal stage, 33-41 days; duration of preadult
stage, 13-18 days; duration of aduit stuge prior to oviposition,
226 days; duration of egg stage, 7-9 dcys; duration of deutoval
stage, 6 days;. total time, larva to larvzs, 304-318 days. Food
preferred: Active forms,

Hosts.--Mmammulia: Sciurus carolinensis, Sciurus niger, leromys-
cus leucopus, Neotoma floridana, Neotoma micropus.
Cheladunta &p.
Geographic range.--Arkansas (Polk County) through eastern Kansas
(Douglas, Jefferson, and Lyon counties) to Nebraska %Richardson
County).

Seasonal occurrence.--November to hay.

Ecologyv.--This species has been taken in grasslands and along
the wooalang edge.
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tory.--Engoi'ged larvae were reared to the adult
stage in the laboratory. Duration of prenymphal stage, 19-2]1 days;
duration of nymphal stage, 81-104 days, duration of preadult stage,
13-14 days. Food preferred: Active forms,

Hosts.--Mammalia: Cryptotis parva, Sylvilagus floridanus,
Perognat.us hispidus, reromyscus leucopus, reromyscus maniculatus,
hus musculus,

Acomatacarus arizonensis Ewing

aphic distribution.--Southern California (Riverside
Countyi, Baja Califoraia (Cedros Island), Guerrero, lexico, arizona,
southeastern Utah (Grand County), southwestern Colorado (lesa
County), northcentral Oklshoma (Woods County) and south central
Kansas (Comanche County).

§gasonaé occurrence.--A summer chigger, taken in Kansas and
Oklahoma ctober,

%cologﬁ.--This species seems to be host specific to lizards.
All of the known records are from lizerds which inhabit a dry
environment. The presence of trachea and stigmata seems to be
correlated with the dry habitat, since emersion in detergent-water
solution and excess moisture were fatal to larvae in the laboratory,

history.--One engorged larva transformed to the nymphal
stage in cnlture (length of prenymphal stage, 18 days). No food was
taken,

Hosts.--Reptilia: Callisaurus draconoides, Crotaphytus
collaris, Dipsosaurus dorsalis, Cnemidophorus labialis,
Sceloporus magister, Sceloporus siniferus, Sceloporus Jjarrovii,
Sceloporus undulatus, Uta stansburiana.

- See technical report, Greenberg, 1952, for additional informas
tion,.

Acomatacarus galli Ewing
gggg%gfhic distribution.-~Southern Texas (Uvalde County),
Oklahoma evaland County) and northwestern Kansas (Ncrton County).

%ggsong% ccurrence.--26 October in Kansas, Noyember and
December leveland County, Oklahoma, January in Texas.

Ecology.--Little is known about this lata fall species. It
seems to be a grassland inhabitanrt, but was common on Neotoma
floridana, an abitant of rock ledges, which usually is found in or
near woods.

Life history.--This species was not cultured,

Hosts.--Aves: 'Chicken?!, l.ammalia: oJylvilagus floridanus,
Peromyscus maniculatus, Neotomea floridana,
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See both galli and 4. angulatus in the technical report,
Greenberg, 1952, for additional information.

accmatacarus polychaetus Greenberg

Geographic distribution.--Northwestern Arkansas (Washington
County)

Seasonal occurrence.,--harch 29-3C, 1948.

Ecology.--The few specimens {3) werz taken on hosts which
inhabited oak woodlands of the Ozark rlateau.

Life history.--This species was not cultured.

Hosts.--Mammalia: Sylvilagus floridanus, reromyscus leucopus.

See %%1xchae§ys and &. whartoni, which are both the same
species, the technical report, Greenberg, 1952, for additional
information.

Acomatacarus senase Greenbarg

Geographic distribution.=-~-South czntrzl Kansas (Barber County).

Seasonal occurrence.--april 11, 1949.

Ego;oc¥.--The hosts were tcken in & canyon hebitat, and the
hyotis veliler were taken in a small cave,

Life history.--One engorged larve transformed to the nymphal
stage in a labor.tory culture (duration of prenymphal stage, 23
days). No food was taken by the nymph.

Hosts.--Marmalia: Myotis velifer, .Neotoma micropus.

Acomatacarus (ienacarus) riumosus Greenberg

rgphic distribution.--Central Kansas (Barber and Russell
counties).

Seasonzl occurrence.-~-april, July, August, September and
October.

cology.~-This chigger has been taken from small rodents
which live under rocks, in crevices, or in burrows around rocky
ledges. The common host is reromyscus maniculatus.

Life history.-~-This species was cultured to the nym§hal stage
in the laboratory (duration of prenymphal stage, 23 days). No
food was tcken,

Hosts.~-Mammalia: Feromyscus maniculatus, Feromyscus leucopus,
and Neotoma micropus,
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Leeuwenhoekia (Comataczrus) americanus Ewing

Geographic range.--Oregon eastward to Ontario, south to
Alabama, northwestern Kansas (Cha2yeane County) and Colorado
(Archuleta, Boulder and l.esa counties).

Seasonal occurrence.--august (Colorado) and November
(Colorado and Kansas).

Zcology.--Larvae were taken in Kansas from bosts in a
moist valley meadow habitat surrounded by the short-grass
high plains.

Life history.--Cne engorged larva was culitured to the
nymphal stage (duration of preny~ishal stage, 9 days). DNo food
was taken by the nymph.

Hosts.--kammalia: Reithrcdontomys megalotis, reromyscus
maniculatus, Neotoma cinerza and Ne<toma mexicana.

Hannemarnia species

geoEraphic distrivution.--Central ielrasta, southward
through Kansas into Cklunhoma, eastward into ..issouri and
Arkansas. Statewide in kansas.

Seasonal cccurrence.--Found on frogs over tne entire yesar,
The lartme probably appecr in the early sumzer, »o8sibly two
generations.,

Ecolopgy.~~The larvue attack the Amohibia which are
terrestrial-aquati~, that is not wholly aqua%ic (except for
breeding), nor are they terrestrial, The larvee and oy
inference the postlerval stages are to te expected in damp
habitats, near areas of permanent water or at least a
permanent supply of moisture. The chigeers have neen easily
cultured in the laboratory under conditions of nearly 100%
humidity. Amphibians of northeasterr i{ansas which have been
frequently examinsd that have not had Hannemania attached are:
Ambystoma texanum, Sgaphiovus boabifrons, Swo cognstus,
Fseudacris nigrita. Hyle versicolor, Rans areciata, nana
catesbelana, and Microhyia olivacea.,

lLife history.--Several cultures were reared from larva to
larva, Durztion of pranymphal stage, 17-21 days; duration of
nymphal stage, 23-30 davs; duration cf preadult stage 18-20
days; duration of «ault stage prior to ovipositiomn, lé deys;
duration of egg stuge, 7 days; duration of deutcval stage, 8
days; total time, larva to larve, 89-102 days. ~rood preferred:
Eggs.

Hosts.--Amphibia: Ambystoma tigrinum, surycea multiplicataf
Desmognathus fuscus% rlethodon ouachitae¥ rlethodon caddoensis*,
Bufo woodhousii, Bufo terrestris, ..cris gryllus, Rana pipiens,
Microhyla olivacea*,

*possibly represeating a second southera species.
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HOST-CHIGSER LISTS FOR A:TPHIBIA,
REFTILIA. AVES AI'D FANTALIA COLYL. .CTED

Ii! THE CLy- WL UNITED 3TLTES.

A. PHIBIA
CAUDATA.

Ambystonma ticrinum Hanreman.a spe.

Eurycea multinlicata Haanema~ia sp.

Desmognathus fuscus Yanneman'a sg.

Plethodon caddcensies ‘fannenenia sn,

Ple thodon ouachitae Hennemania sp.

SALIENTIA.

Bufo terrestris Hansenania spe.

Bufo woodhousii Trombigtda (I,) alfrediugesi

fannerania sp.

Acris gryllus Trombticula (E,) alfreddugesi
(£.) lipovskyana

. Hannemania sp,.

Rana pfpiens Trombicula (Z.) alfreddugesi

llannezania sSp.

Microhyla olivacea llfannemeania sp.

RE>YILIA
TESTUDINATA.

Terrapene ornata (58)* Tronciculs (E.) alfreddugesi
(E.) Iipowvskyana
moatanensis

SAURIA,
Holbrookia maculata (13) Tromoicula (3.) alfreddugesi

# Numbers in parentheses indicete number »f 2adividuals exemined
for chiggrers,

s iy, | A d, s ity e




Crotaphytus ccllarus (90)

Sceloporus jarrovii (11)

Sceloporus occidentalus (£9)

Sceloporus undulatus (112)

Urosaurus ornatus (2)

Uta stansburiana (1)

Phgynosoma cornutum (350)

Eumeces fasciatus (500¢)

Eumeces laticeps (6)

Eumeces obsoletus (200%)

Cnemidophorus sackii (6)

Cnemidophorus sexlireatus (50)Trorbicila

Cnemidophorus tigris (2)

Ophisaurus attenuatus (16)

SEFRPELTES.

Carphophis anocenus (100%)

Diadophis punctatus {300%)

Heterodon nasicus (12)
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Trombicula (E.) alfreddu. esi

(E.) belkini
(E.) Iipovskyana
Acomatacarus arizonensis

rombicula (E.) belkini
Aconmatacarus arizonensis

Trombicula (E.) belkini
(N.) suosignata
Euschcnpestia lecerta

Troi:bicuia (E.) alfreddugesi

(L') bﬂikini

Zurneyl.
E.gmg_rmg_ﬁé americanf

Acomgﬁacarusvar?zonenaég
Troi.clc'i.e (Z.) alireddugesi

— (E.) belkini

Trombiculie (Z.,) alfreddugesi

(Z.) belkini
hActomatacarus srizonensis

Trombicnie (E.) alfreddugest

Trombticula (E.) alfreddupesi

gurnexi

Trombicuia purneyi
trisetice

o
ia

—~

Trowmbicula )} alfreddugesi

ie) linovskyana
neyl
anensis

IS

f

joo

Trombicuis

t
.) alfredduzesi
.)

lm lbl
.1

—~

al freddugesi

Trombicula (

{1%5]

«) belkini

Tromcicule (E,) alf reddugesi

h1

Trombicuia (13.,) alfreddupesi

Trombicuala (I2.)allreddugesi

Trombicula (E.) alfreddusesi
gu‘nezi
nontanensis




deterodon platyrhinos (4)

Coluber constrictor (135)

Masticophis flagellum (12)

Elaphe guttata (23)

Elaphe obsoleta (55)

Arizona elepans (2)

Pituophis catenifer (27)

Lampropeltis calligaster (11)

Lampropeltis cetulus (4)

Lampropeltis triangulum (21)

Sonora eniscopa (25)

Matrix erythrogaster (4)

Natrix rhombifera (1)

Natrix sipedon (11)

Thamnophis radix (11)

Thamnophis sauritus (6)

Thamnophis sirtalis (45)

A B PRI TR L

Trombicula

Trombicnula

Trombicula

Trombicula

Tronbicula

Trombicula
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(E.) alfreddugesi
nevi
montanensis

(E.) alfreddugesi
(E.) Tipovskyana
reyl

‘(’T.‘)'%ilv 1lagd

(E.) alfreddugesi
neyl
montanensis

(E.) alfreddugesi

it l”‘gﬂqm

(E.) alfreddugesi
(E.) Tipovskyana
¢1tCh1

rneyi
EErEosI

Xrisetlica

gurneyi

Trombicula

Trombicula

Trombicula

Trombicula

Trombicula

Trombicula
Tromoicula

Trombicula

Trombicula

Trombicula

(E.) alfreddugesi

gggnezz
mor.tanensis

(E.) alfreddugesi

(E.) aifreddugesi
(E.) Iipovskyena
mor.tanensis

(T”.) alfreddugesi
gurneyi

(E.) alfreddugesi

(E.) elfreddugesi

(E.) alfreddugesi

(E.) alfreddugesi

(E.) alfredcugesi

(E.) alfreddugesi

(E,) alfreddugesi

(E.) Tipovskyana
(¥.) =z od%éns

ggrnex




Tropidoclonion lineatum (15)

Agkistrodon contortrix (142)

Crotalus horridus (27)

Crotalus viridis (14)

FPALCONIFOTMES.
Buteo jamaicensis (3)

GALLIFORIMES

Tympanuchus curido (4)

GRUIPORMES.

Rallus elegans (1)

CHARADRIIFCRI'ES.
Capella gallinago (1)

Bar tramia longicauda (4)

COLUMBIFO7ER.

Zenaidura macroura (37)

CUOCULIFORIT.S,

Coccyzus americenus (6)

Crotophaga sulcirostris (1)

STRIGIFOPTES.,

Speotyto cunicularia (5)

Asio otus (1)

Trombicula (E.) alfreddugesi

Trombicula (E.) alfreddugesi

=3

£.) lipovskyana

(N.) sylvilagl
trisetica

.) alfreddugesi
.) Iipovskyana

gggnezi
Trombicula (E.) alfredduresi

Trombicnula

ll’lm

gurnexi
montanensis

AVES
Trombicula (E.) alfreddngest

Tromblcula (I.) alfreddugesi

TE.) 1ipovskyana
Neoschonsastia americana

Tromoicula (.) alfreddugesi

(£.) lipovskyana
Neoschonrastie anericana

Trombicula (i.) subsignate

Trombicula (Z.) lipovskyana

Tromticula (Z,) alfreddugesi

Tk.) 1ipovskyana

Trombicn:la (Z.) alfreddugesi

Trombicula (E.) aifreddugesi

Neosch-rrastia americana

Trombicula gurneyi
ﬂortaﬁensis

-—— - e ——

Tromoicula (li.) sylvila
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PICIFORMES.

Centurus carolinus (10) Trombicula (H.) lipovskyl

Melanerpes erythrocephalus (9)Trombicula (E.) alfreddugesi
crossleyi
fFurnevi
lleoscncnrestia avericena

PASSERI®GPYE",

Tyrannus tyrannus (3) Trowic1la (E,) lipovskyana
keoschongastia srericana
Muscivora forficata (8) Tromticula monterensis
Menucherrnatie nmerlcena
Empidonax sp. (1) “rcaplcula (E.) lipovskyana
Eremophila alpestris (17) Tromdbicula (E.) alfredduresi
Cyanocitta cristata (4) Tromuicvla (E.) alfredcdugesi
mont-nensis
Corvus brachyrhynchos (4) Tromhicula (N.) lipovskyil
Euschontastia peromysci
Parus atricapillus (23) Tromoicrla (I.) 1ioovsk%i
ﬁuschonigstia & Farre
Parus bicolor (8) Trozbicula (E.) alfreddugesi
(E.) sylvilagl
(N.) whartoni
Parus carolinensis (8) Trombicula (E.) lipovskyana
Troglodytes aedon (2) Trombicula (E.) gifreddugesi
(E.) Ti;ovskyana
Thryothorus ludovicienus (3) Trombtcrla (E.) alfreddugesi
Toxostoma rufum (5) Trombicula (E.) alfreddugesi
(Z.) lipovskyana
(E.) splendens
Neoschongastia ariericrna
Sialia sialis (13) Trombicula (E.) alfrsdducesi
(%.) 1ipovsicyana
(N.) sylvilapl
Neoschon astfa arericena

Turdus migratorius (17) Trombicula (F.} e)frrddugest
T (E.) Iloo.shyana
(Le) mylviiepd
lieoschon:~stia arericana




Sturnus wmlgeris (11)

Vireo griseus (1)

Sejiurus motacilla (1)

Passer domesticus (44)

Agelaius phoeniceus (37)

Icterus galbula (1)

Molothrus ater (39)

Quiscalus quiscula (4)

Sturnella magna (4)

Sturnella nsglecta (21)

Piranga rubra (1)

Richmondena cardenalis (35)

Spiza americana (1i4)

Pipiy~ erythrophthalmus (1)

Calamospiza melanocorys (9)

Chondestes grammacus (9)
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Trombicula (E.) alfreddupgesi
(Z.) ipovskyana

Neoschon-astia americana

Trorbicula (Blankaartia) sp.

Trombicula (E.) elfreddugesi
(E.) Iipocvskysena

Euschongyestia #3 Farreil
icoschor.zastia smericana

Trombicule (E.) alfredduzesi
(.) lioovskyana

Trombicula (S.) alfreddugesi

Trowticuia (E.) alfreddugesi
(E.) Iipovskyana

Neoschonse st1a americana

Tromvicola (L.) alfreddugesi
(Z.) 1lipovskyana
Trombicula (E.) alfreddugesi
(E.) lipovskysna
Trombicula (E.) alfreddugesi
(E.) batatas
(N.) lipovskyana
Trombicule (E.) alfredcagesi
Trombicule (£.) alfrecddugesi
(£.) Tisovskyana
(N.) lipovskydl
(N.) sylvilagi
) wharton%
Euschongestia # & Farrell

Trombicula (E

Trombicula

Neosciunncastia americana

.) 8l fredducesi
(E ) Tipovskyana
leoschennastla americena

(E.) slfreddugesi
(E.) splerdens

Trombicuir (Z.) alfreddugesi
Naoschonrestla amcricana

Trorbicula {(E.) alfreddusesi
(F‘ ) JLJ\\‘M;\Z r\ﬁ
Keoschon, estic gmericéna




Junco hyemalis (29)

Spizella passerina (3)

Spizella pusilla (3)

Zonotrichia querula (12)

Melospiza melodia (17)

MARSUPIALIA

Didelphis marsupialis (11)

INSECTIVOTA

Blarina brevicauda (29)

Cryptotis parva (16)

Scalopus aquaticus (13)

CHIPOPTERA

Antrozous vunkeri (7)

Myotis lucifugus (20)

Myosis keenii (15)

Myotis velifer (620)

Pipistrellus subfliavus (158)

Tadarida mexicana (5072)
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Trombicula (N.,) sylvilazi
(No) w%artoni
Trombicula (Z.) alfreddugesi

Trombicula (Z.) alfreddugesi

Trombicula (N.) vhartoni

Trombicala (l.) lipovskyil

MAITFALIA

Trorbizula (I al‘freddugesi

.)
(h ) 1ipovskyl

Tro:ticula (N.) linovskyd

urneyil
nusvbonga3u§a 72 Farrell
#+3 Farrell

Trombicula (ET.) alfreddugesi
Z.) Iisovskyara
(V.) sylvilagl
Euschongastia loomisi
¥Z larrell

Trombicula (£.) lipovskyana
gurneyl
Euschongastia e Farrell

Trombicule tuentel

Euschcngrstia pipistrelll

Euschengestia pipistrélll

Trombicula (E.) alfireddugesi
cynos
Ttvcﬁi
EuschonrastTn Joomisi
Acomatacarus senase

Suschoncestia pipistrelll

Trombicula (£.) alfreddupesi
moi:taner.sis

——
e

%
Speleoccla toderidae




LAGO:iORP3A

Lepus californicus (10)

Sylvilagus floridanus (206)

RODENTIA

Sciurus carolinensis (3«)

Sciurus niger (31)

Cynomys ludovicianus (38)
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Trombicula (N.) lipcvskyil

myotis

)
)

11 skyl
§ Fhartont

L W Wame X W o 3
= Al [ e

Euschonzastia covskyl

eromyscl
T
setose

#% rarrell

I'soscon.;astia americana

Pseucdoscnoneastia nunger‘ordi

Cnelsoorta sp.
ccmatacarus rmelll

poiycﬁaetus

Trombicula

alfreddugesi
1i)ovskyana

kardosi
EuschcacsstTa setosa

#2 rerrall

#3 Farrell
"alcria amc<vricena

Trombicula (E.) alfrecddugesi

rneyl
goglae
montanencsis

EuschongastIa cricaticola
xarcosy

lTacerta

Tisovskyl
§e€csa

#2 Farrell
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Citellus tridecemlineatus (14)Trombicula {(E.) alfreddugesi

gurneyi
montenensis
Euschcawre stis kerdost

pe:oniysci
Geomys bursarius (5) Luschor-ectia #2 Farrell
3 Farrell
Perognathus flesvescens (5) Trozbiculs (E.) alfreddugesi
montanensic
Perognathus flavus (1) Trombicula monterensis

Eugchonz:astia lipovskyl
Pseucoschongeastla hungerordi

Perognethus hispidus (37) Iroaivicuis (E.) a {re
.Jo) Eﬁnaa
&m}e.u

meonuyanensis
Eugchensastia kardosi

lipovskvi

#2 Ferrell
Pseudoscnongastia farneri

hunger “ordi
Che 1sdonta sp.

Dipodomys ordii (48) Trombicule (Z.) alfreddugesi
Z,.,) batatas
gurneyi
heovlae
montenensls
Eusclhongrstia lipovskyl
P3eudcschon:astia farneri
hunrerfordl

Onychomys leucogaster (15) Troncicule (32.) alf reddugesi
g neyi
moatenensis

Cuschongrstia #2 Farrell

Pseuvdcachon,a3stia hungerfordl

Reithrodontomys fulvescens (12)Trombicnla (E.) ellreddugesi
(E.) snlepdens
(N.) whaprtoni
Euschonrastir peromysci
Pseudoschon;astiag hungerfordd

Beitrbrodontomys megalotis (107)Trembiculs (E.) alfreddugeai
(d.) autumnalis
(11.)
(i.) loomisdl
Eugschongastia peromyscl
7#3 Parrell
Pseudoscheongoestia hunper ordi
Conetaczrus arericanus




Psromvscus maniculatus (249)

Peromyscus leucopus (139)

Peromyscus boylii (3)

Peromyscue gossypinus (1)
Sigmodon hispidus (160)

Trombicula

montenensis
#11
Euachongastia criceticoia
1ipovskyl
ToomIst
Eg“omysci'
sctoesa
72 Ferrell
#3 Farrell
. eevdoschongastia Tarneri
hungerfordi
Che lsdonta sp.
Couatecarus americanus

Acomatacarus (X.,) plumosus
Acomatacarus (A.) galli

Tromticula E%.; Ilf“eddugesi
. ovskyil
1
a
(B,) Fhavion
crossley?

Earre

on_.ae
7Ll

Euscaon:rstia criceticola

lipovskyi
oor:isy{

peromysci

setosa

7% Farrell
Pseudoschongzastia farneri

aun erfaral
V.alchia zrericara
Chae 19 o ltf SDe
Aconelacarus (X.) ovlumosus
(A.T pclychaetus

Euschongqastia nero:;ysci

Euschongestls peromysci

Trombicula (E. ) alreddugesi
(E.) TiSovskyana
(N.) f!:ovséyl
(3.) vartonl -

I pas

cdisadmbinic

i

L




Peromyscus ovoylii (3)

Peromyscus gossypinus (1)

Sigmodon hispidus (160)

Neotoma floridana (81)

Neo toma micropus (74)

45

Luschonrastia peromysci
setcsa
#2 Tarrell
#3 farrell
Pgseudoschonpsstia farneri
nungerfordi
‘.alchia arericana
Cn:liadoata sp.
Acomatscarus (J..) plumosus
(A.7 polychastus

Euschcr~astia peroaysci

-

Euschon. astia peronysci

) alfreddugesti
) lipo 'skyana
) 11
\

(
(
& Qovsg¥i
(¥.) wharte
Euschoniastia peromysci
setosa
#2 rerrell
#3 Ferrell
Pseudoscuor.astia farneri

hungerforal

Tromolenlsa

Al
e
=
S
-

k)

st e
.

C.) alfreddugesi
) 1Icovskyana

myotis
I% nvakyl
s \Y a

cynos

gurneyi
myotils
trlsetica

Euschon rstla neromvsci

s2tcsa

73
Pseudoschorsastie farneri

1 er ordl
Walcrla soericenrne
Acc. .«ctacarus pgrall

Tromticula

A =edtedr

-
-~

PN N P
3154

Tro:.vizula (u.) alf.eddugesi

(7 ) 1ipovakyl
(7;) myvotis
I._——

fTtch




T

A

Microtus pinetorum (13)

Microtus ochrogaster (233)

Microtus pennsylvanicus (28)

Rattus norvegicus (4)

Mus musculus (85)

Zapus hudsonius (1)

CARNIVORA

Canis latrans (9)

Canis farniliaris (1)

Procyon lotor (1)

PRIMATES

Homo capiens (1)
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Pseudoschongastia farneri

hungerforal

Yialchia smericana

Acomatacrrus (_..) plumosus
senase
Trombicula (E.) alfreddugesi

(%)

(¥.)

Ilpovs5¥i
harton

Euschong-stia 72 Farrell

#3 Farrell

Trombicula (E.) alfreddugesi
(E.) TIsovskyana
(E.) splendens
gg.) autumnal 1L s
., Tipovskyl
(r.) sviviTag?
(Y.) whertoni

g - {

=
%
o}
4]

Euschanrestie peromysci

ife rarre

#2 Farrell
Psevdoschongastia hungerfordi

autumnalis

wrartonl

Tromoicula

)
)
) alfreddugesi
‘+) Yipovskyl
73 FarreI%
(Z.) alfreddugesi
(T'.) Tipovskyl
(T.) Toomis
(TTO _SS'IVIIB. i
(F.) wﬁarfong
Euschongastl? #3 Farrell
Pseudoschorizestia farneri

“helodornita sp.
Tromblcula (ll.) sylvilagi

Tromoicula (M,) lipovskyi
tuscnengastie #3 Frrre

Trombicula (E.) alfreddugesi
- (E.) Tipovskyana

Trombicula (E.) alfreddugesi

Trombicula (E.) alfrecdugesi
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HABITATS OF ACTIVE LARVAL CHIGGERS IN NORTHEASTERN KANSAS.

An attempt has been made to determine the particular
habitat of each species of chigger, by collecting of active
unengorged larvae in the field, by deterixination of the habitats
of the hosts, and by discovery of the nymphs and cdults in the
field. The habitat of the postlirval stcges is by inference
the same approximate situation as that of the active unengorged
larvae.

The chigger species which are found predominately in
the grassland habitats are: Fkseudoschongastia {arneri and P.
hungerfordi, Trombicula (Eutrombicula] aifreddupesi and
13

povskyana, I. (licotrsmbicula) linovskyi, Neocchongastia
americana, Euschongastia sp. ;2 and E. ,Z2.

Those living predominately in & deciduous woodlend habitat
are: walchia americana, Trombicvla cynos, T. gurneyi, T.

trisetica, T. fatchi, T. (Nevcrombicula) whartoni, Euschongastia
peromysci and E. scrosa.

Several species do not aprear to be found predominately
in either grassland or woodland, but are probably most common
in the grassland-woodland ecotone, usually in association with
limestone outcrcppings. They sre: Trombicula (Neotrombicula)
sylvilagi, Cheladonta, and Zuscncongastia Zoqumici. -

In the grassland habitat (including areas of overgrowth
of weeds, or open areas) the following divisions can be made
according to chigger preferences. The burrows and underground
nests of small mammals are probably particularily important
as the habitat of Fseudoschongestia. with k., ferneri in the
hi%her, drier grasslanda, =nd f, pungerfordi in the lower
moister areas probably including the forcst floor. Cuschongastia
#2 also appears to te closely associated with small mammals
which are fossorial in habits (ie. Scalopuvs, Geomys, Blarina
and other burrow dwellers). [uschongastie y 3 and rrombicula
(Neotrombicula) lipovskyi are certuirly irn close ascociation
with burrows and runs in grasslands, while the common and
widespread T. (Eutrombicula) 2lfreddugesi is abundent throughout
the grass and into some partially wcoded situations. The
second, less common species T. (E.) lipovskvana, seems to be
restricted to noist grass lands, usually in low velleys where
the area remains moist throughout the yzar. This species seems
to be restricted to areas which receive large zmounts of
rainrall (34" and over). It has not been found in western
Karsas. Neoschongastia armericana seoms to be able to survive
better in more open cdrier situations than most species. It is
founu both in open grassland areas and in the wcodland barren
floor. Larvae have aiso been taxenrn by sweeping in grass and
have been known to crawl up stumps and logs. 1t scems that
birds obtain this larvae predominately from tre bYa~e ground
rather than in trees, although they d> occur :n ania round
upright stumps and decayea tree trunks.




18

The forest species have been difficult to discover ir
their habitats, and seen to be more restricted, in general,
as to hosts upon which th2y attach. Iromwicula gurneyi is
most comnon cround fallen deceying logs, especially in the 'frass!
areas., Stumps, uprigiht decaying tree trunks, and the frass
around logs arz all excellent arees for these larvae, The
adults anu nymphs are rounua dee» within the logs, usually
deeper than adult or nvmphal Eutromcicula which mey live and
forage just beneath the lcose barx., rositive nost deta from
semi-arboréal and torest vertebrztes, poiats to the fact that
salchia, Trombiculs cvnos, T. Iitchad T, trigetica are
prooably intimitely ascocizted with mammel nests or cther
cavities in uprigh*t d=ciying trees, anc also mamusl nests
(such as Neotomaj con the forest floor in =11 -ut T, fitchi. It
appears tact none of these species, however, is common or
widespread, ancd tnot they requicre a habitat which provides
the proper kind arz arount of food, rmo.sture and temperature
for the pdatirrr-i siages. X thas arca we nave not been able
to closely connnci these species wvith any rastricted
habitat in the woods: [Luschongastia perexvsci, T, setosa and
Trombicula (Ji.) whartoni, but tne latter is cartainly restricted
to moist situatiounus.,

1
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CEIGGER -~ EOST RELATIONSHIPS

Summary and conclusicas.--Approximately 7,000 individuals
of 235 vertzbrace spsci:yu nave veen examined for attached
chigger larvae. These vertabrates we.e principally from
Kansas, but were also oWbtained from Arkansas, Coloredo,
Missouri, Nebraska, Oklahcms and Texas. Project members
examined 1075 individuals of 32 spacies of amphibians, 2236
individuals of 56 species cof repvrles, 657 individuals of
97 species of bhirds and 3032 individuais of 50 species of
mammals, 4 total of 95 vertebrate species did not have chiggers
attached, However mosh of thirse were probably sampled too few
times or at the wrcrg season, The latter is zspecially true
of reptiles (% soezies negative) and birds {L8 species
negative). _This shculd not bYe true of amphibians {22 species
negative), sircs Trraosmaria is found throughout the year.

In the case ol memiacls (S species negative) all Lut one a
bat Corynorhinus. were certainly due to swmall samples.,

On the basis cf infcrmation gathered, the following can
be stated about the chiggenr.host relationships in our region.
Forty species of chiggers have been taken in Kansas, while five
additional species have besen found in Colorado, Netraska,
Missouri, Oklzhoma and Arkansas near the borders cof Kansas.

Of these’ forty-five snecies, forty-three have been taken
on one or more species of mammals, Twenty-four chigger species
have been found only on mammals, four of these being found
solely upon bats, Mhammals are the principal hosts of twelve of
the remaining nineteen species. Thus the larvae of only nine

of the total of 45 species commonly attach upon other vertebrates,

The best mamralizn hosts, in number of chigger species, are
those which are abundant, widespread and active in various
habitats during the ~nvire year. Examples are Sylvilagus
floridanus, Nectcma floridara, H. micrcpus, Peromyscus
maniculatus and t. leucopus. Mammals that ere abundant and
widespread in a comparatively limited habitat are usually good
hosts for one or a few chigger species, such as the grassland
mammals Sigmodon hispidus and licrctus ochrogaster.

Birds have bcer found to be hosts for 16 chigger species,
of which 8 species have been commonly found on one or several
bird species. Birds seem to be important hosts of Trombicula
(E.) lipovskyana, Neoschongastin americana (also common on
rabbits) 1. crossleyi, and to a lessar extent, relatively

speaking, I. (L.! alireddusesis

Fourteen chigger species have been found attached to
reptiles, However, two species, Trombicula (N.) sylviiagi
and Neoschongastia americana have been found only 25 uneagorged
larvae, indicating that reptiles are not suitah.e hosts for
them. Reptiles are iuportant hests for 8 srecres, idzluding

" Acomatacarus arizonensis which seams to. be Tevwiticted o

— .« w—

1iZards. Tney seem to be the most importart Awsts Tor Irombicula

A Sttt ¢ S

(E.) alfreddugesi, I. (E.) splendsns, T. surner: asd I,

risetica.

" The chigger gerus Hamnemania parasitizes emphibians only;
however larvae of T, (Eubrecrmbicula) occasionally attach to the
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skin of toads and frogs.

The unattached larval chiggers are seasonal in emergence,
and are usually found in one or a few habitats. Few larvae
seem to be host specific, even to vertebrate class, but will
crawl onto any av.ilable object which stimulates their activity.
Their ability to find and crawl upon available vertebrate
does nnt however assure successful attachment and engorgement,
since the proper hzavitat or niche mey aot be present. hany
species need mammaliian ears Icr proper shelier and humidity
while most species rrefer a sheltered, moist situation for
attachment.

Usually only one generation of larvee is produced each

year in our region. Zxceptions scem to be Trcmticula (Eutrombiculs

alfreddugesi, T. grneyi, T. trisetica and pcssibly othars.

All of the species witn a possibiiity of two generations

are summer, or spring and sunmer chigsers., The larvae which
engorge in the spring or early sum.er will be ablc to develop
rapidly during the warm summer months, producing larvae late

in the summer. Thne larvae of cacl: species seem to appear at
the same approximate tine every year. Temperature is important
in the rate of egg development, degree of larvel activity and
probably the length of tiuie unengorged larvaz can survive,

with relatively lower temperatures slowing tnem down, but
prolonging life. The amount of moisture seems to determine the
relative abundance and ¢1lso the lengtn of totel larval activity,
especially in the fall. Ths chigzer species cen be classified
on the basis of the time of larval appearance and abundance., In
our region, there seems toc be six spring and summer, fiftean
summer, five fall and sixte2n wintcr spzcies of chiggers.

Of course, there is a great deal of overlap in seasonal
occurrence, but usually only one or a few soecies zppear in
abundance at the same timc in the seme s2colozical habitat..

(See the table on larval seasonal occurrence in northeastern
Kansas).
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Explanation of the table.

The normal larval occurrence is shown

by the solid line. while isolated records are connected by a dashed

line.

or periods of greater larval abundance.

given.

Dots indicate actual records and open circles show the period
Only one complete cycle is
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LABORATORY LIFE HISTORY STUDIES

The 1life histories of chigger mites vere first investigated in
1900-1920 by several Japanese workers (Tanaka, 1899; Miyajima and
Okamura, 1917) who became interested in the relationship between
these mites and scrub typhus. These warkers di scovered the various
postlarval steges and recognized the rclationshiov of chigger mites
to Trombicula minor Berlese. Ewing 1926 reared Trombicula (Zutrom-
bicula] alfréddugesi and Harneme nia hylse; Melvin (1946] rearsd
Trombicula batatus and Michener (1945) reared this spscies as well as
T. aileei and T, velssco.. Also VWharton (1946) reared Euschongastia
Tndlca by utilizing insect egrs (mosquitoes) and thereby establishe
a suitable laboratory food for the postlarval stages.

Thus at the beginning of this project, the 1ife histories of few
species of trombiculids had been thoronghly studied. Concurrently
other workers have also investigated 1ife histories; Jenkins (19495
studiod spegies of Trombicula ( Eutrcmbicula),and Richards (1951)
and Jones (1951) investigated Trombiculs (Nectrombiculs) autumnalis
in England. At Duke University, Vnarton and his students have
also been engaged in life history studies.

A large number of species of chigger mites has been cultured
at Kansas for the dual purpose of obtaining postlarwml stages far
study while accurulating data concerning life histories. While the
former objective has been accomplished to a satisfactory extent, the
1ife histories are incompletely known for most species of chiggers
studied. Approximately one-third of the spscies cultured have been
carried completely from lerva to larva 4in lsboratory cultures; most
of the remaining species have beesn cultured from engorged larvee to
the adult stage but have not laid eggs for the next generation.

Developmen tal Cycle

Engorged larvae which leave the host are active for several days
before b ecoming quiescent. In laboratory cultures where chigpgers are
farceably removed from the host, this period of activity may extend
to more than a week; the degree of engorgement 1s prooably the impor-
tant factor. After several days o activity, the mites become qui-
escent and soon enter the prenymphal stage. During this inactive
stage most of the larval tissues are resarbed, and the nymphal skin
and organs are formed within the learval skin. All of the structures
are re-farmed; the nymphal legs are not formed inside the larval legs
but are developed separately, as are the other appendages. The pre-
nymphal stage ¢ an be broken into tvwo steges, namely, a gquiescent
stage preceding a chryselis stege in which re-formation takes place.
However, these stages cannot te accurately separated in the living
mite; rather than use an arbitrary division the prenymphal stage 1s
designated as lasting from the beginning of larval quiescence to the
emergence of the nymph. The duration of this stsge 1s one to two
weeks and i1s prooably influenced by temperature, humidity, and other
external factors as well as the de ree of engorgement of the larvae
(see Kardos, 1953, on Tromblcula (Neotrombicula) lipovskyi),
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The nymph emerges from the split lervel skin in a soft and
delicete conditien, The sktin hardens sufficiently for rapié¢ movement
within an hour, but compl2te hardening of the mcre sclerotized
structures, e.g. the scutum, may require more than a day. The in-
tensity of nymphal activities waries with tlhe specles, as does the
type of food preferred (eggs or active orgnnisms.) Duratior of the
nymphal stage is dependent upon focé su:;zly and temperature; the stage
lasts at least a week, usuelly to weeks, and may be extended many
months by adverse temperature or limited food.

The nymph becomes quiescent and enters tne preadult stege in the
same menner as the larva. Tissues are againresorbed and adult appens-
dages are formed Independently ol rnymphel appeniares. After one to
two weeks (rarely several days) the nympnal skin splits and the adult
emerges. :

The adult lifetise has not been e deqG.ately measured. Individual
adults have survived for m:re than a veer and possiply live much long-
er. There 1s some eviience that femc les die af ter laying eggs.
Copulation has not becn observed in any snecies. Dependent on fooq,
temperature, and probably other factors, eggs are J id not less than
a week and usually several vieeks after ecdult emergence. Most species
probably produce but one generation a yveer, the unfavoraole seasons
are probably passed in vhatever stage occurs at that time. Inherent
mechanisms possibly prevent oviposition for eight to nine months in
certain species (Walchia americana). Certain Neotrombicula pass the
winter as engorgec larvae (see Karcdos, 1953) Entromhicula as adults,
etc.

Eggs are laild singly or in small grouos, in depressions or cracks
in the lining of the culture container. After about one wsek, the
eggshell splits but embryological development continues in an enczlosing
membrane; this is the cdeutoval stege. The cevslopment c¢f the
deutovum may be gauged by the increasing intensity of pigmentation,
After approximately one week, the larva emerges. Little data was
collected on the length of time required for larval engorgement. A
minimum of 3 days (T. (E.) alfreddugesi) and a maximum of 30 days or
more in others,(particularly Trombicula attached to regtiles.)

This generalized statement of ti 1life histcry is drawm from
labaratory data but is apniicable to conditions in nature., Variations
in food supply and temperature would lengthen the duration of the
active postlarval stages. Temperature affects the length of the
inactive stages (Kardos, 1953, on Trombicula lipovwskyi).

Life History Deta

The table presents 1life history data on species cnltured at
Kansas giving the observed duration of the stages in days. Thirty-
three species are included; of these, twelve species produced second
generation larvae, eleven species were reared to a dult but did not
produce larvae, and ten sd>ecies did not reach the adult stasge. The
majority of the failures in the latter cases were due to poor culture
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conditions and these species can probably be more successfully cultured
in later attempts.

Techniques for cultuwring are given in a preceding portion of this
repart. Engorged lervae vhich are placed in culture tubes must be
carefully examined and determined to be a single species. A con-
taminant or sécond species may oe easily cdetected in mounted postlarwal
specimens but the presence of even one such individuel in a culture
renders the 1ife history cdata nearly worthless from that culture, since
extremes noted may actually pertain to the contaminant. 1In the early
stages of the project saveral specles iere commoniy cultured together;
therefore, the data included herein are besed wherever possible on the
more recent "pure' cultures.

Subfamily Trombiculinae

As indicated in the ta%le, tke subgenus Trcmbicula (Eutrombiculs)
approximates the generalized 1:fe history given abcve, These species
are abundant, relatively easy to cuiture and much information on the
common pest chigger T.(E.) alfreddugesi and its relative, T.(E.)

splendens, has been gathered. Duration of the egg stage of T(E.)
!EEovsgiana (30 days) is vorthy of note (Wolfenbarger , 1958). Other
members of the genus Trombicula show variation in the duration of the
stages, but this unusually lcng duration may be due to poor culture
conditions. However, the lengtrened prenyuphal stage of T. montanensls
T.#II, and T. lipovskyi is shown in many cultures end probably repre~
sents an inheri actor. In contrast, T. trisetica and T. crossleyl
show relatively short and constant duration of the inactive postlarva
stages. Memuers of the genus Trombicula prefer eggs as food in culture
(However, T. hoplai did not feed In culture).

Species of the genus Euschongastia are very similer to Trombicula
in duration of the stages; some spacies show a lengthening of the
prenymphal stage. The extremely short presdult stage (4 days) of
Euschongastia sp. #2 Farrell 1s worthy of note. [Eggs are the pre-
ferred food of these species in culture, however, 5. lcomisl fed
reluctantly and E. livovskyl did not feed.

More than a dozen cultures of Neoschcneestia amedicana failed to
produce larvae. Apparently an environmerntal requirement as yet un-
known has not been satisfied. The dura“icn cf the 1life history
stages 1s not unusual. In culture, this speclies feecs upon the active
stajes of collembolans.

Subfamily Leeuwenhoekiinae

Many cultures of the genus Hannemania indicatesurprisingly little
variation in the duration of the various stages; possibly this genus
1s retatively independent of the effects c¢f such environmentai factors
as temperature. The higli humidity of the culture tubes and dishes
approximates the natural condition for these chiggers, as the . larvae
are found only on amphibians. Cultnres vere maintained with very littb
difficulty. Collembola egzs were readily eaten.
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Species of Acomatacarus were only recently cultured to tne nymphal
stage. [Earlier cuitures presumably fallsed because these chiggers are
adversely affected by the detergent solution normally used in chigger
recovery from the host. Environmental factors a3 yet unknown are
blamed for the fallure of these cultures to produce adults. Feeding
was not observed and may not have occurred.

Subfamily ‘/alchiinae

The genera Walchia, Pseudoschongestia, and Cheladonta have been

o S ¢ cm—— — —— - ———

successfully cultured but oniy Walchla anericana has produced larvae.

In view of the rela*ive eace of culturin: these s pecies, and the num-
ber of cultuwes which produced acults yet did nct produce larvae, it is
considered probable that these species produce but one generation a

yoear AQue to inherit factors; it is thought that if the cultures of
Pseudoschonpastia had been maintained for a sufficlent period of time
the 1ife c ycle would have been completed. These genera feed exclusive-
ly upon the active stages of collembolens.

Conclusicns

Although the life histories of mary chigrers remain unknown, it is
safe to assume that the foregoing deta represents a generalized life
history of the family. Certainly some species have unusual ecological
requirements causing difficulties in culturing (Acomatacarus) and
life histories of s ome unusually adayted species may eventually be
found to deviate strongly from this generalized pattern; these species
however, can be considered as abervant and not representative of the
group on a whole.

Fluctuations in duration of the stages are for the most part too
slight to be significent. Either inherit mechanisms or culture con-
ditions could be reponsible.

Indicative but not cenclusive evidence 1s presented that species
of the genera VYialchia and Pseudoschorngastia may be inheritly limited
to one generation a year, while the genera Trombicula, Euschongastia
end Hannemania are limited mainly by external factorse.

Morphological Studies of Postlarval Stages

Of the various stages in the 1ife cycle of trombiculids only the
larvae are adequately known. l'orpholopical studies of the other stages
are necessary {for recognition of those stages vhen collected in the
field and for identification of cultured material not adequately
correlated w ith larvae. Such studies assist also in evaluation of
ecological,life history, end related findings. The systematics of the
entire group of trombiculid mites would benefit from a careful study
of the postlarval stages.

Such studies must,of necessity, be among the last of the iavesti-
gations attempted, since the material 1s mede available only after
collecting methods, culture methods, and correlations are per"ected.
Consequently morpholcgical studles have not beern completed by this
project, .although they are nowv being pressed under other auspices at
the University of Kansas., It is possible, however, to attempt several
generalizations from the data already availalle from morphological
studies.

deE ok il ® e
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One outstanding feature of the nymphs and adults is the similarity
of the morphological features of the various spz2cies, as opoosed tc
the diversity found in larval marphclogy. Species even in different
subfamilies are very similar, and separation of sorme _enere 1s quite
difficult. Vomersley (1952) noted snuch a coendition in Australian
material and synonomized several genersa on this evidence. Vlomersley's
conclusions are not followed by us, since preliminary studies indicate
that generic characterizations can be besed cn morphological features
vhich are slight but nevertheless constant.

An important phase of morvaological investi:ntioas is the correla-
tion of form with ecological habitat. The free-li ving nymphs and
adults are covered vith branchid setae; it 3eems possivle to correlate
the amount of setztion and the degrees of branching of the setae with
the humidity of the havitat. Mamy inhabitants of roodlands and similap
moist areas posses a zreater number of setee with rore numerous branches
than related kinds of chiggers in grasslsnds. Some forms inhabiting
extremely dry desert areas show strong mcdificaticns of these setae,
however, so that comparison with other forms is difficult,
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INTERMNAL MORPHOLOGY AIID EISTOLOGY OF ADULT CHIGRERS

Introduction.=-This work was undertaken to determine the internal
morphology and histolnrgy of the nymphal and acult stages of Trombicula
(Eutrombicula) splendens, one of the pest chiggers. The following 1is
a preliminary report since the investi, ations are still in an early
stage.

Technique.-=In workinc with the adult stage, it was necessary to
develop special technicues of killing, fixing, and embedding. It was
found most satisfactory to kill the adults oty droppin_ a plece of ether
soaked pever into a vial in ‘hich the acults had already been placed.
The ether killed them quickly without da:a;e. Immedirtely after death
they were placed in a detergant, to wet the surface so they will sink
when placed in the fixative. If not first etted, they will float on
the surface of most fixitives and thus will nct e fizsd. ‘'/hen using
Carnoy's fixative they need not be first wetted; however, Dietrich's
has been found to be the fixative giving oest results., After washing
them in alcohols good results were obtained by dehydrating them in
Anallin, then placing them in Cil of Bergamot end then in paraffin.
Before the par-affin hardens, they shounla ve oriented and the block
marked to indicate this orientation. The »rr-ffin embedded specimen
should be kept at O degrees centigrade for svout a week to clear the
paraffin, thus making the speciien more re~dily seen. In specimens
fixed in Dietrich's the stains of choice viere Delafield's hematoxylin
counter-stained with eosin and !fann's acid hematein coumnter-stained
with eosin.

Besides examining sectioned materiel, it vas found helpful to
examine dissected materiel. The acdults were pleced in Carnoy's for
one hour or they were placed in Analin, then into 011 of Bergamot,
before dissection. Both methods gave ecual results.

Integument .~~The intejument was found to be much like that of
Tetranychus telarius (Blauvelt, 1945). The cells are almost rectangu-
ar In section, the cytoplasm stains little and appears gray, waile
the nuclei are small and dark-stizinin_.

Houthparts and Glands.--A gocd deeal of sectloned and dissected
material was examnined and the worker thus far is in agreement with
Brown (1952). 4

Respiratory system.-=No indication of a respiratory system has
been Tound in fge adult sta;es.

Central nervous systemn.--The brain, situated teneath the scutum,
appears to ve fused to tne subesophageal and garglionic masses. The
neuropile is surrounded by & peripherel celliula> erea vhich is in turn
surrounded by a neurolemma. The narrow esorhagus passes back and up
through the centrsl part. The exact number and paths of the nerves
have not yet been determined, however, a pair ol nerves has been noted
which pass ventrally and forward, a palr dorsally tovard the seyes, a
single nerve backward along the eospna.us, a pair forwerd and dorsally
toward the chelicerae, four pairs toverd the legs. ano a venirel pair
backward into the body.
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Musculature .~=The muscles are of the striated type. There are
several dorsel longitudinal and dorsoventrsl body muscles which con-
tract and expand the abdcmen, thus probacly aiding in pumping f¢od
into the digestive traci, eliminatinrg wrste, laying eg:s in females,
and circulating the blood. Also presesnt are numerous muscles of the
leg segments, mouth parts, and genitalia. .

Digestive 3ystem.--A pharynx opens into & narrow esophagus which
passes backward and upward through the brein end into the mid-intestire.
The epithelial cells of the esophagus ere in a thin layer and have
dark staining nuclei. At the point vhere the esophagus enters the mid-
intestine, there is a slight thickeninz vhich appears to be a valve
acting to keep food from passing back into the esophagus.

The mid-intestine occupies most of ths oody of the adults. The
cells are large and of various shapes., The cytoplasm has numerous vVacue
oles.

An open connection between. the hind-intestine and the mid-intestime
has not been found; however, the hind intestine appzars to contact the
fore part of the mid-intestine, then i% passes down through the middle
of the mid-intestine, wentrally to the anus. The cell walls of the
hind intestine are indistinct and the cytcplasm when stained with
Delafield?s hematoxylin appears reddish. '

FPemale reproductive systeri.=-The Tereles have a Lilobed ovary
which lies ventrally. Oogonic occupy the anterior part and mature
eggs the posterior part. The exact nature of the oviduct and vagira
has not been determined.

Male reproductive system,--The male testis is also bilobed and
occupies a ventral position. "In the testls can be seen n'merous sperm
cells. The testis opens into a seminal vesicle wvaich in turn passes
into the e jaculatory duct. The penis is a pear shaped organ with
muscle s attached to its bese.

Circulatory system.--The circulatory system appears to be an open
system with the blood slushing about withous & definite course through-
out the body cavity. The blocd itself seems to ce mede up of a fluid
or plasma portion and a cellular portion. The cells are large with
large nuclei. Also present in the body c-vity ere cells vhich look
very much like urate cells of insects.

The above renort gi=si 2 briefl resume of the work done up to this
tiie. Investigations are continuing to determine meny of the more
detailed aspects of the internasl anatouy and histology of this and
other species of chigger mites.
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